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I‘ R E F A C K 


Tins book is mtoiulcd as a ('oiirso ol laboratory juactico lor tlio use 
of students in agricultural clieniistry. 

The opening chapters treat on chemical inani|)ulation and 
apjiaratus, and the qualitative and quantitative analysis oi tlie most 
commonly occurring substances with which the studeni of agricul¬ 
ture must necessarily become jiractically acquamted with. 

The remaining analytical chaiiters contain various processes for 
the estimation of the principal constituents ot soils, maiuir(".. dairy 
and other agricultural ))roducls, and water, my endeavour having 
been to describe, omitting unnecessary theoretical matter, the most 
u.seful, ty]iiral, and inodern methods in as intelligible a manner 
and as' tar as wa?; possible m a volume of fhis size. The student 
may therefore apply the jirocesses described to the analysis of many 
substances, not tnentioned here, w’ith which he may hereafter meet, 
and for this purpose 1 have devoted a large amount of .sjiace to 
various analytical tables. 


Gl.csgow, 
Pcbrutiry, 1907. 


F. D. S. R. 
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PRACTICAL AGRICULTURAL 
CHEMISTRY 


CHAPTER I 

CHEMICAL APPARATUS AND MANIPULATION 

The Balance- —E'ig. i a typical chemical balance, con¬ 

sisting of a beam supj)orted about its centre of gravity by a 
steel or agate knile-edgc, and from the ends ol which, suspended 
by stirru]is, working also upon knile-edges, are the scale-pans. 

When unoccu])ied, or when ])lacing on any weight, the beam and 
])ans are raised above their knife-edges by rests, the motion of 
which is controllei^ simultaneously by the milled head jilaced cither 
in front or at the side of the balance. 

In weighing, the beam is lowered, the ])ans being at the same 
time set iree, and the oscillation of the pointer carefully noted upon 
the ivory scale. The shorter the beam, the more rapid will be the 
oscillation, and the time occupied in making a weighing thus 
shortened. 

In setting a balance, care must be taken that the table or shelf 
upon which it stands is fixed as permanently and rigid as possible. 
The best arrangement is a strong shelt covered with a sheet of thick 
plat^glass, set dead level, and supported by means of brackets 
fixed firmly into the wall. If floor connection is avoided, much 
trouble with vibrations will be overcome. 

In choosing a balance, one ought to see that the glass case is 
well fitted, a*d that it opens and shuts without any jarring. The 
balance should be situated in a special room, which may be par¬ 
titioned off from the laboratory, away from all fumes»and dust, 

I 
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sudden changes of temperature, or the direct rays of the sun. 
Failing a special room, the balance, with its acces,sories, weights, 
etc., may be enclosed in a second and larger glass case, provided 
with sliding glass sashes. ^ 

The balance .should be cleaned regularly, only special balance od 
being used lor lubricating, and the desiccator shoijld be filled when¬ 
ever necessary with tresh dry calcic chloride. In adjusting a 



Fig. I.—Chemical Balance; Weights o.n Right 


balance after it has been moved, a true level must be obtained 
by means of the three level screws fixed under the case. In the 
finer balances the beam is UivideJ either into twelve or ten equal 
divisions, each of which may again be equally subdivided. With 
the former graduations a 12-milligramme rider is*used, and a 
lO-milligramme rider must betaken for a beam divided into ten ])arts. 

Weights .—The system used in analytical weighing is the metric, 
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with the exce])tion of, perhaps, in assaying, where the English (grain) 
weights aie sometimes used for convenience in calculating. The 
weights (i gramme and upwards) are made of lac(|uered or jrlated 
brass, t liose smaller than i gramme being made either of aluminium 
or [datinum, and are arranged in a suitable box provided with a 
j)air of ivory-1 ijipc*! forceps lor handling them. The weights should 
be lifted by the forcejis only, and retained in their places in the 
box when not in use. 



Fig. 2 . —Desu cators. 


The substances to be weighed should always be placed ujion the 
left pan of the balance, upon a tared watch-glass or other suitable 
vessel^and in no case should any substance come into contact with 
the pan itself. It will be lound extremely useful to have a .small and 
a large tared watch-glass reserved for Ihis purpose only; a small 
g|ass scoop will be found handy in instances where the substance 
is to be transft'rred direct into a flask or bottle. For clean dry 
sub.stances a pair of counterpoised aluminium shallow cups is useful. 

Tile weights should be placed upon the right pan systematically. 

1—3 
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It is advisable to commence with a weight which the oj)crator con¬ 
siders is a little too heavy than with one that is too light. Lower 
weights are then tried, proceeding downwards until the milli¬ 
grammes and fractions thereof are used by means of the pder 
weights, these last weights being only used with balance-case closed. 

Perfect equilibrium may then be ascertained by the pointer 
swinging an even number of oscillations to either side of the scale. 



Fig. 3.—Specific Gravity (Substance heavier than, and 
Insoluble in, Water). 


Before transferring all weights, as well as substances, the balance 
must be brought to rest and lifted out of action by means ^f the 
concentric lever, otherwise the adjustment becomes impaired and 
the working parts unnecessarily worn. 

Immediately a weight is taken the result should be carefully 
noted, not only as to the weights on the pan, but alSo by checking 
such by those weights which are in the box, the amount being noted 
in the laboratory book. 
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A warm sulistance must never be weighed, neither sliou'.d a very 
cold subsiance; it should be allowed to cool in a desiccalor to room 
temperature previous to weighing. Certain substances absorb 
moisture while being weighed, and that in some cases so rapidly 
that it is impossible to ascertain their true weight if ex])Osed to 
the air. Others,* again, are volatile or efBorescent. All such 
bodies must be ('nclosed in suitable tared weighing vessels, such as 
a pair of watch-glasses having ground edges and clamped by means 
of a spring dip, or a thin glass-stoppered weighing-bottle or tube. 

Specific Gravity. —This is determined at a temperature of 
I5‘5° this being the normal temperature of a room, and accord¬ 
ingly the measuring vessels and weights are calibrated and adjusted 
at this temperature. 

In ascertaining the siiecific gravity of solids heavier than water, 
and insoluble in that liquid, the substance is suspended by a fine 
fbread or fibre from the left-hand end of the beam of a balance, and 
its weight when in air is taken. A small wooden trestle, such as 
are supplied with balances, is then placed over the pan, and sup¬ 
ports a small beaker of distilled water. The substance is then just 
immersed in the water, all adhering bubbles of air being removed 
by means of a brush, and the weight is again taken. 

Then if W ^ Weight of solid in air, 

Weight of .solid in water, 

W 

The specific gravity of the substance will be ' 

When the substance is lighter than, but insoluble in, water, its 
weight in air is ascertained as already described, and it is then 
•immersed in water with the aid of a “ sinker ” attached to it. The 
weight of the “ sinker ” alone in water is also taken. 

Then if W^ Weight of substance in air, 

X= Loss of weight in water, 

S= Weight of “ sinker ” in water, 

C=^Weight of .substance plus “sinker” 
in wateg, , 

The specific gravity of the substance will be : 

W_ W _ _ W_ 

X~W-(C-S) W-(C-Sj‘ 

When the substance is soluble in water, it is weighed in air, and 
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then in a liquid in whicli it is insoluble, the specific gravity of 
the liquid used being also ascertained. 

Then if W= Weight of substance in air, 

W-Weight of substance in the liquid, 

X= Specific gravity of liquid, 

The specific gravity of the substance compared to the liquid is 

W 

W-W' 

The specific gravity of the liquid : specific gravity of water : ; 
X:i. 

Therefore the specific gravity of the substance related to that 
W 

of water will be ,,, x X. 

W-W 

If the substance is in the slate of a fine powder it may be intro¬ 
duced into a specific-gravity bottle, and its weight in the bottle 
ascertained by weighing in air and then in water, the weight of 
water required to fill the bottle being also obtained. 

Then if W = Weight of solid, 

W, = Weight of solid plus water, 

Wj-Weight of water required to fill the bottle, 

The specific gravity of the substance — 

W _ W 
W - (Wi -W^) W -rW;, - Wi' 

The specific gravity of a liquid may be ascertained by four 
methods—(i) lly the Sprengel tube; (u) by the Westphal balance; 
(3) by tbe hydrometer; {4) and most accurately by the specific- 
gravity bottle. 1 

The Sprengel tube consists in a thin-walled glass U-tube having 
its open ends drawn out to a capillary bore and bent at right angles. 
The capillaries are marked by means of a light file near their open 
ends. The tube is filled with distilled water by introducing one 
end into a beaker of the water and sucking in the liquid by applying 
the mouth or a sucker to« the other end. The tube, when held 
upright in the balance by a thread, should contain just as much qf 
the liquid as shall reach both marks; any e.\cess mnst be carefully 
wiped off with a piece of filter paper. The weight is then taken. 
The weiglit of the liquid under examination is next observed in a 
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similar manner, and after drying the tube, by dividing the weight 
of the substance by the weight of water the specific gravity is 
obtained. 

^ 'fhe Westphal balance is here illustrated, and is simply a variety 
of balance in which the weights are hung upon a graduated beam, 
the plummet being immersed in the liquid under examination, after 
having first and for all been adjusted by immersion in distilled 
water at 15" ('. The weights employed indicate the specific 
gravity of the fluid direct. 

Tlie hydrometer is a glass or metal float, weighted with mercury 
in '^uch a manner as to float iqiright in the liquid. The stem is 
gi.iduated, and the reading is taken upon the stem at the surface of 



Fig. 4.—Si'RE.Mi.EL Tube. Fig. 5.—Westpual Balance. 


the still liquid when the instrument is stationary. HydrSmeters are 
graduated in various degrees or calibrations to suit special pur- 
po.ses. 

The specific-gravity bottle is a small, thin, glass-.stoppered bottle, 
usually of 25, 50, or 100 cubic centimetres capacity. The neck is 
sonlfewhat contracted in its descent, and in this way the stopper, 
which is perforated, is held more securely. The flask is filled to the 
top, the stopper inserted quickly, »nd in such a way that the 
capillary bore is filled with the fluid; the excess drops on the top 
of the stojfjxir, being immediately removed by wiping with the 
palm of the hand. A cloth must never be used for this purpose, 
as its contact would draw up too much of the liquid from the 
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capillary bore by capillary attraction. The exterior of the bottle 
itself, howev'er, may be dried with a clean cloth. It the tempera¬ 
ture of the liquid is below I 5 ’ 5 “ C., it must be raised to that degree by 
gently warming, the exact temjrerature being observed by insertjnjg 
a thermometer into the bottle and stirring constantly. It the liquid 



Fio. 6.—.\iR AND Water Ovens. 


is too warm it may be cooled in iced water, or water containing 
crystals of ammonium chloride. 

The weight of the clean dry bottle and its weight when filled with 
distilled water having been ascertained, the e.xact weights of the 
amounts of water and liquid respectively required to fill the bottle 
are obtained by subtraction. 
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Then, specific gravity of liquid- 

Weight of liquid required to fill bottle _ 

Welght of water required to fill bottle 
. Besiccation.— Stdrstances in which the moisture is to be csti- 
mafed, or which require to bo dried-c.g., precipitates—are usually 
dried in the copper, water or hot-air oven. Water-ovens are made 
in all sizes and shapes to fit any given requirements, and may be 
had with constant level water-supply. As substances when m the 
dry or hot condition readily absorb moisture from the atmosphere 
during cooling, they must be ])laced in a desiccator whilst they 
cot!. This vessel (Fig. 2) is one in which a dry atmosphere is 



—Sand-Bath and Hot-Pi-ate. 


. maintained by means of the presence of some desiccating agent 
e.e., strong sulphuric acid or calcium chloride. The latter sub¬ 
stance is preferable, as splashing is avoided. If acid must be used, 
it will be found advantageous to mix it with a little dry sand 
suffidlent to form a paste. Solutions which require to be evaporated 
may be placed in porcelain, glass, platinum, or nickel vessels and 
heated over a water or sand bath 0. hot iron plate heated by 

a radial burner. _ , . 

For very Slow evaporation, especially at a temperature just 
below the boiling-jioint, or to avoid spirting, a water-bath is advis¬ 
able. 
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Solution may be accelerated by heating' over a Bunsen burner, 
cither with or without wire gauze or a sheet of asbestos. To avoid 
loss by spirting, the dish or beaker may be covered by a glass. If 
a flask, it may be slightly inclined or a small filler-funnel inserted 
in its neck. Violent ebullition maybe avoided by adding a small 
piece of platinum foil or coiled wire or a ])iece of clean ignited pipe¬ 
clay or pumice. 



Fir,. 8 ._Water-Bath with Evavorating Basin protected with 

Ci.ocK Glass. 

The Victor Meyer funnel (Fig. 9) will be found very convenient 
when a long evaporation is in process in hastening the opeAtion 
by retaining the steam in such a way as to form a jacket, and in 
protecting the dish from the dust of the laboratory. 

Precipitation and Filtration.— In quantitative analysis pre^ 
cipitation must be complete, and in order to effect thfs the solution 
must ,either be boiled or well stirred, as the case permits, with the 
precipitant. In hot precipitation complete reaction is observed 
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by a rapid separation of the precipitate. Some substances— 
magnesium ammonium phosphate—require time, together with 
thorough agitation in a cold solution. Care should be taken to 
avpid the use of excessive quantities of reagents in all cases, and 
the filtrate must always be tested by the addition of a further small 
quantity of the'precijutating reagent. All filter-funnels should be 



Fig. 9.—Watkk-Baiii and Victor Mhver Funnel. 

carefully picked out and tested as to their rajiidity by pressing the 
filter-paper lightly and cvenly.to tlui sides, and passing through a 
measured quantity of water. The quick filters should then be 
marked 09 ^heir rim by a file. The filter-paper should not com¬ 
pletely fill the funnel, and it must never be filled to within less 
than J inch from its edge with the solution. If a plain beaker is 
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used in preference to a spouted one, its outer edge may be smeared 
with a little v'aselinc or hot indiarubber ; this prevents spilling. 
The solution ipust be guided on to the filter with the aid of a glass 
rod tipped with rubber (a “ policeman ”), unless in cases whprg 
the rubber is liable to be attacked by the solution. 

It is advisable to allow the precipitate to settle'first. The clear 
liquid is then run through the filter by careful 
decantation, and the jirecipitatc w'ashed by 
decantation and transferred by the aid of the 
glass rod, together with a small quantity of the 
washing solution. Any adhering particles are 
also rubbed off and transferred to the filter, 
and finally the vessel is carefully rinsed out 
several limes with the washing solution. The 
preciiiitate in the filter is then washed as may 
be directed, always taking care to allow each 
washing to drain completely away before adding 
more. Evaiiorate a small portion of the final 
washings on a thin glass to see that all dissolved 
salts are washed through. 

Filter-Pumps. —Slow filtration may be ac¬ 
celerated by extending the sttm of the funnel 
by means of a long tube. In obstinate cases, 
however, as in gelatinous precipitates, recourse 
Fig. io.~.4ccelek- must be had to the filter-pump. Before jilacing 
ATED I'li.TRATioN filter in the funnel a small perforated 
Funnel-Tube) platinum cone or disc is mtroduced. This 
gives support to the paper, and prevents burst¬ 
ing. The funnel is then jiassed through a rubber core, and firmly 
fixed in a filter-flask which is attached by non-collapsible tubing 
to the filter-pump. The exhaust must be turned on slowly, and 
the filter should not be allowed to run quite dry. The preiipi- 
tate is then covered with a paper and dried in the oven. Small 
’ precipitates may be detached from* the funnel and dried in their 
filters upon dishes. This hastens the operation. 

The dried precipitate may then be weighed in a tarSd weighing- 
bottle, ,in which case the weight of the paper must have been 
previously ascertained, or it may be ignited in a porcelain or 
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platinum vessel over a Bunsen, Argand, or blowpipe burner, or 
in a muffle furnace, as may be directed. The latter arrangement 
is very convenient in cases where a high temperature for many 
satjiples is required. 

Ignition of Precipitates. —For general agricultural analyses 
a thin platinum«capsu!e about 2 inches wide by i inch deep will be 
found most convenient for igniting mo.st precipitates in. Platinum 
utensils, when repeatedly heated, tend to become blistered, and 
show small hair cracks. These are best removed from time to 



Fig. II.—.‘VCCELERATED FILTRATION (FiLTER-FlASK, ETC.). 


time by gently rubbing with a little moist silver sand. In this way 
a nice polish is sustained, and the life of the platinum prolonged. 
Obstinate stains may be removed by gently fusing with a little 
acid potassium sulphate, and finally rubbing up with a little silver 
sand. Porcelain crucibles, when badly burnt, may be cleaned by 
.fusing with a little fusion mixture and subsequent treatment with 
a little hydrochloric acid. This tends, however, to wear away the 
enamel. Ignition vessels should be cleaned and weighe^ previously 
to each operation. The incineration of the filter and contents may 
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be proceeded with iminediately.it is dry. The precipitate is care¬ 
fully detached from the filter, spread out upon a piece of glazed 
paper or tile, by the aid of a thin, stiff spatula and a fine camel’s- 
hair brush. The filter is then folded and held by tlie rim by ^ 
pair of tongs or forceps, the apex being downwards, and ignited. 
As soon as the last glow has vanished it is dropped ailo the crucible, 
the lid is put on, and it is ignited over a burner until thi; ash is 
white. Filters which are slow to ignite may be drenched with a 
few drops of ammonium nitrate, carefully dried, and ignited as 
before. The tilter having been jiroperly ashed, the precipitate is 
then added, and both are again heated as required. All crucibles 
should be allowed to cool thoroughly in the desiccator before being 
weighed. This generally occupies about twenty minutes. 

In igniting a wet filler and contents together, it should be allowed 
to drain as much as i)Ossible, and placed in the capsule, and heat 
applied very gently at first to avoid spirting. 

Gooch Treatment of Precipitates.— A rajhd and convenient 
treatment method of dealing with precipitates is that involving the 
use of the (looch cnicible. In this device the solution is filtered 
through a layer either of prepared paper or clean asbestos. The 
latter may be jirepared by scrajiing to fine short down, white silky 
asbestos, Ixiiling it with hydrochloric acid to remc?ve soluble matter, 
and then well washing it with water by decantation. .A bottle'full 
of this dried material should be iirejiared at a time, trom which 
requisite quantil les may be taken as required. The Gooch crucible, 
which is usually of platinum or porcelain, has a perforated bottom, 
and is fitted tightly into a filter-funnel placed in a filter-flask. A 
little of the prepared asbestos is spread over the bottom of the 
crucible in an even layer, and a little water added. On the vacuum 
being started, the water passes through, leaving the asbestos in a 
compact layer upon the perforated bottom. The filtration of a 
precipitate may now bo proceeded with in the usual manner, i^hen 
it will be found t hat the operation is much more accelerated. The 
precipitate is dried and ignited in situ in the crucible. 

Bumping' of Boiling: Liquids. —In most cases this is remedied ^ 
by the addition of a piece of platinum foil or coil of wfre or a piece 
of purnice jr pipe-clay. In more difficult cases—c.g., in distilling 
methylic alcohol—the introduction of a small piece of sodium tin 
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or amalgam will be found satisfactory. When the presence 
extraneous substances is impermissible, a glass tube drawn out t 
a capillary tube may be passed through a cork in such a nianner 
tlvit its capillary end presses gently against the bottom of th 
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I J.—Hot-Wati-.r Imi/iek- 
Funnel. 


vessel Bv this means a slow current of air, carhon dioxide, or 
other .las, may be passed through the liquid when boiling. 

Accelerated Hot Filtration. -The student will find that hot 
liquids filter more rapidly than cold ones; when it is necessary to 
maintain a convenient temperature—fl.g., in filtering fats—the 
liquid may be passed through a hot-water jacketed funnel. 
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QUALITATIVE ANALYSIS 

The more conmion metals with which the student must first become 
acquainted are arranged in the following five groups : 

Group 1.—Those in which the chlorides are insoluble in water. 
Group 2 .—Those in which the .sulphides are insoluble in water. 
Group 3.—Those in which (a) the hydrates, (6) the sulphides, arc 
insoluble in water. 

Group 4.—Those in which the carbonates are insoluble in water. 
Group 5.—Those which require .separate individual tests. 

Classification of the Commoner Metals. 


(Iroup 

Metal. 

j 

Nature of Precijutate. 

I 

Pb" 

1 HCl 

PbClj;: white. 


Ag 

! HCl 

AgCl; whi*c. 


Hg" 

HCl 

HgCI^; white. 

2 

Pb 


PbS; black; insoluble in (NH^)^S 


Hg 


HgS; black; ,, .. 


Bi 

H„S 

BqS,; black; 


(/U0 


CuS; black; .. 


Cd 

(In solution slightly acid with 

CdS; yellow; ,, „ 


As 

/ 

ASjS,; yellow; soluble in (NHJjS 


Sb 


SRSj; orange; „ „ 


Sa 


SnS ; brown ; ,, , „ 




SnSo; yellow; ,, ,, 

3 

Fe 


Fe(OH).j; dirty green. * 


A1 

NHjCl+NHpH 

Fe.^(OH)8; red. 

' *1 

Cr 


Al,(OH)|,; white. 




Crj,(OH)„; green. 


Mu 


MnS: flesh colour. 


Zn 


ZnS ; white. * 


Co 


CoS ; black. 


Ni< 


NiS; black. 
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Classification of the Commoner Metais—mntiniud. 


Group. I Metal. 


Reagent. 


Nature of Precipitate. 


4 ' Ba 
• ' Sr 

Ca 

5 Mg' 
K 
Na 
NH, 


NH,Cl + NH^OH+(NH^)2COJ | RaCOj ; white. 

SrCO.,: white. 

; CaCO^ ; white. 


NH*OII + Na,HPO^ 
PtClj" 


Hglj.aKI 


MgNI l4POj; white. 

KjPtCl||; yellow crystalline. 
Na,jPtCl||; yellow crystalline. 
HgjNI; yellow to brown. 


Reactions of the Common Metals. 

Lead (o«s), Pb*. 

1. HC! gives a white j)pt. of PbClj; sol. in hot water, insol. in 

NH„OH. 

PbiNO,)^ +2HCU PbCl^ +2HNO,. 

2. H„S gives a black ppt. of PbS ; sol. in dilute hot HNO3. 

Pb(N(\)j+ HjS= PbS+2HNO,. 

5. K^CrOj gives a yellow ppt. of PbCrOi; sol. in NaOH, and 
repptd. by C2H4OJ. 

Pb(NO,).2 + KjCrO^ - PbCrO^ + 2HNO3. 

4. H2SO4 gives a white ppt. of PbSt^ ; sol. in NH4C2H3O2 or 
NaOH. 

PbCNOjla + H2S04= PbS04 + 2HNO3. 

Lead (»c), Pb". 

I. HjS gives a black ppt. of PbS even in a HCl solution. 

’ • 

Silver, Ag. 

1. HCl gives a white ppt. of AgCl; sol. in NH4OH. 

AgN 03 +HCl=Aga+HN 03 . 

2. bjS'gives a black ppt. of AgjS ; sol. in dilute HNO3. 

aAgNOj +H2S= Ag2S +2HNO3. 

3. K2Cr04 gives a red ppt. of .iCgjCrOj ; sol. in HNO3. 

• 2 AgN 03 + K2Cr04=Ag2Cr04+2KN03. 

4. KOHgivesabrownppt.of AgOH;sol. inNH40H. _ 

AgNOa +KOH= AgOH + KNO3. 
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Mercury (oms), Hg'. 

1. HCl gives a white ppt. of HgjClj. 

HgjiNOjjj + 2HCI ^ HgjClj f 2HN0„. 

2. H.,S gives a black ppt. of HgS. 

Hg.,(N 03)2 + as + HgS + 2HN()3. 

3. KCr04 gives an orange-red jipt. of Hg.>Cr().Hg(). 

Hg.lNOj), KjCrO^ = Hg,('r()4 + 2KNO,,. 

KOH gi\'es a black ppt. of HgfOfIjj. 

Hg2(N().5), 4- 2KOH-- HgjO + H,() -r 2KKn,. 

5. SnCI.2 gives a grey-white i)pt. of nietallic Hg. 

Mercury (k), Hg". 

1. H(ll gives no j)i>t. 

2. as gives a black ppt. of HgS : in.sol. in (\H4)2S or hot 

HMOj, sol. in aqua regia. 

HgCI.2-rH2S-HgS-i-2HCl. 

3. KOH gu'cs a yellow ppt. of HgO ; insol. in excess. 

HgClj -f 2KOH ^ HgO -r ao -I-2KCI. 

4. SnCI.2 gives a white jipt. o1 HgaCl.^, which is changed to 

grey metallic Hg m excess. • 

2HgCL +SnCL- HgX'l, -l-SnCl,. 
Hga 2 -t-SnC! 2 =Hg 4 SnCl 4 . 

5. KI gives a vermilion pjit. of Hglj; sol. in excess to a clear 
« sol. and in KOH. 

HgCl 2-4 2 KCaHgI., 4 - 2 KCl. 

Hgl 2-4 2KI-Hgl2.2KI. 

Bismuth, Bi. 

1. HCl gives no ppt. 

2. HoS gives a black ppt. of BijS.,; insol. in (NHjjjS, sol. in 

" hot dil. HNO3. 

2Bi(N03)2 •f* 3 H 2 S=Bi 2 S 2 -fCHNOg. 

3. An alkaline hydrate—e.g., KOH—gives » white ppt.® of 

BifOHjj; sol. in acids. 

BifNO,); -4 3KOH = Bi(OH)3 H-3KNO3. 
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Copper, Cu. 

1. HCl gives no ppt, 

2. HjS gives a black ppt. of CuS ; insol. in (NH4)2S,or hot 

dil. H.>S04, sol. in hot HNO3 to a blue sol. 

CuSb4 + H-jS = CuS + H2SO4. 

3. NH4()H gives a greenish-blue ppt. of CuS04.2Cu(0H)2 

sol. in excess to a dark blue sol. 

JCUSO4 +4NH40H;= CuS04.2Cu( 0H)3 -t2(NH4)jS04. 

4. KOH or NaOH gives a pale blue ppt. of Cu(OH)2; insol. 

in excess and blackening on heating. 

CUSO4 + 2 K 0 H= Cu(OH) 2 -t-KjSOi. 

5. K,Fe(CN)4 gives a reddish-brown ppt. of Cil^FefCN),. 

2CUSO4 -r K4Fe(CN)„ = CujFelCN)^ + 2K0SO4. 

6. Most copper salts, especially the chlorides, burn with a 

nriglil green coloured flame. 

Cadmium, Cd. 

1. HCl gives no ppt. 

2. HjS gives a yellow pj)!. of CdS ; insol. in (NHiljS, sol. in 

hot dil. HCl or HNO,. 

Cd(NQ,), -rHjS = CdS -t- 2 HN 0 ,,. 

3. KOH or NaOH gives a white pjit. of Cd(OH)2; insol. in 

excess. 

CdlNOsla 4-2K0H= Cd(OH)2 -1-2KNO3. 

4. NH4OH gives a white ppt. of Cd(OH),; sol. in excess. 

Cd(N03)2 -(-2NH40H= Cd(0H)2'+2NH40H. 

Arsenic, As. 

1. HCl gives no ppt. 

2. HjS in weak HCl .sol. gives a yellow ppt. of ASjSj; sol. in 
. (NH4)2S. 

2Na3As04 -H 6 HC 1 -f 2H2S - 2H3ASO4 -t 6NaCl + 2HjO + 
2H3ASO4 -e 2H,S=Asj^, 4 - 6 H« 0 . 

3. AgNOj gives a yellow or red ppt. of Ag3As04; sol. in NH4OH 

ancf in acids. 

Na3As04 +3AgNO,= Ag3As04 -i-sNaNOg. 
NajAsOj-rsAgNO “AggAsOj-t-sNaNO,. 


2—2 
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4. Marsh's Test .—Nascent hydrogen is generated in an acid 

solution of arsenic by the introduction of a piece of 
arsenic-free zinc, whereby AsHj is evolved. The gas 
may be passed through a red-hot tube and decomposed 
into metallic arsenic, which deposits in the colder por¬ 
tion (sublimation) as a brown or dalkgrey mirror, and 
hydrogen; or the gas may be ignited, when it burns with 
a lavender-coloured flame, forming If a piece of 

cold porcelain be now held in the flame, incomplete 
combustion is formed, and the arsenic is deposited as 
a dark brown stain on the slab. This stain is soluble in 
a freshly prepared aqueous solution of bleaching-powder 
(CaClOCl) (contrast antimony). If the gas is passed 
through a solution of AgNO^ or through a filter-paper 
saturated with the same (Gutzeit test), a yellow pre¬ 
cipitate or stain of AgjAsO,, will be formed. 

5. Reinsch’s Test .—The solution of arsenic is effected in HCl 

to which a bright strip of i)ure electrolytic copper foil 
is added, and the whole is gently boiled for a few minutes. 
The arsenic is deposited as a steel-grey film upon the 
copper. The foil is then dried, weighed, and heated 
in a dry test-tube or Berzelius tube. The arsenic is 
sublimed upon the colder portion of the tube in the 
form of dull steel-grey octahedric crystals (contrast 
antimony) of AsjOj. 

Antimony, Sb. 

1. To a HCl solution of antimony a piece of zinc and a piece of 

platinum foil are added, both being kept in touch with 
each other. The antimony is deposited after some 
little time upon the platinum as a black stain. ^ 

2. Marsh's Test .—This test is carried out as for arsenic (?.».). 

The antimony forms an amorphous deposit, insoluble in a 
freshly prepared solution of bleaching-powder. Anti- 
moniuretted hydrogen (Sb^Sj) produces*a black stairfot 
precipitate with silver nitrate of SbAg,. 

'3. HCl gives no pnt. 
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4. H^S gives an orange ppt. of Sb^Sj; sol. in (NH4)jS or hot 

HCl, insol. in (NH4)2C03. 
aSbClj+3H2S = SbjS, + 6HC1. 

Sb2S,+3(NH4).2S=2(NH4)2SbS3. 

5. KOH gives a white ppt. of Sb^Oj; sol. in excess. 

aSbdj +3K0H= SbjO, +3KCI+3HCI. 

SbjOj + 2KOH = KjSbjOi + H2O. 

6. NH4OH gives a white ppt. of Sb^O^ ; insol. in excess. 

7. HjO gives a white ppt. of SbOCl; sol. in tartaric acid (con¬ 

trast Bi). 

3SbCl3 +3H20= 3SbOa +()HC1. 

8. AgNOj gives in an alkaline sol. a black ppt. 

Tin, Sii. 

1. HCl gives no ppt. 

2. HjS gives a yellow to brown ppt. of SnSj to SnS; sol. in 

(NH4)2S or NaOH, from which it is repptd. by HCl; 
sol. in HCl, insol. in (NH4)jC03. 
SnCl2+H3S=SnS-h2HCl. 

Snb + (NH4)3S= (NHjjjS.SnS. 
SnCl3+*2H3S=SnS+4HCl. 

3. HgCla gives a white ppt. of Hg-^Clj, becoming grey on 

heating (Hg). 

SnCl.2 -h HgClj=HgaClj 4- SnCli. 

HgjClj -I- SnClj = Hgj + SnCl4. 

Sna4 -i-HgCl2=no change. 

Iron (oMs), Fe. 

1. HCl gives no ppt. 

2. JH^S gives no ppt. in acid sol. 

3. NH4OH gives a white ppt. of Fe(OH)2, rapidly turning from 

green to brown. 

FeSO, H- 2NH40H= Fe(OH)2 -(- (NH4)2S04. 

4. KjFeCy* gives a dark blue (Turbull’s blue) ppt. of 

Fe3(FeCy,)2. 

3 FeS 04 + 2K3FeCy, = Fe3{FeCy,)2 + sKjSOi. 
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5. K4FeCy5 gives a bluish-white j)])!. of FeKjFeCyj. 

FCSO4 -t K4FeCye= FeK, FeCy„ + K2SO4. 

6. KCNS'gives no coloration (contrast ferric salt). 

7. (NH4)2S gives a black ppt. of FeS ; sol. in HCl. 

FeS 04 -t (NH4).2S- FcS -f ;NH 4 ) 2 S 04 „ 

Iron {ic), Fe. 

1. HCl gives no ppt. 

2. HjS gives no ppt. in acid sol. 

3. NH4OH gives a reddish-brown ppt. of Fe.jfOH),,; insol. in 

excess or in NH4CI, sol. in HCl. 

FeaClj -h 6NH4OH = Fe2(OH)„ -t- 6NH4CI. 

4. K4FeCy„ gives a blue ppt. (Prussian blue) of Fej(FeCy), i 

insol. in HCl, sol. in H4C2O4. 

Fe^Cle -t3K4FeCy„= Fe4(FeCy)e -H2KCI. 

5. KjFeCye gives a greenish-brown solution. 

6. KCNS gives a blood-red solution of FejfCyS),. 

FejClj+bKCNS- FeoJCNS), -t-OHCl. 

7. (NH4)2S gives a black ppt. of FeS ; sol. in HCl. 

Chromium, Cr. 

1. HCl gives no ppt. 

2. HjS gives no ppt. in acid sol. 

3. NH4OH gives a greenish-blue ppt. of Cr2(OH)3 ; insol. in 

excess, sol. in hot HCl. 

CrjClj 4 - 6NH4OH - Cr2(OH)3 -t 6NH4CI. 

4. NaOH gives a similar ppt, ; sol. in excess, and forming 

CrjOj on boiling. 

CrjCle + GNaOH=Cr2(OH)e -t GNaCl. 

Cr2(OH) j -t- heat = CrjO, -i- 3H2O. 

5. (NH4)2S gives a greenish-blue ppt. of Cr2(OH)3, with evolu¬ 

tion of HjS ; sol. in HCl. 

Aluminium, Al. 

JCl gives no ppt. 

2. HjS gives no ppt. in acid sol. 
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3. NHjOH gives a white gelatinous ])pt. of AUlOH),,; insol. 
in excess or NH4CI. 

Al2(S04)3 +6NH4OH-- Alj(OH)., +3(NH4)2S04. 

. 4. KOH or NaOH gives a similar ])pt. ; sol. in excess, not 
repptd. on boiling, rcp]itd. by NH4CI. 

+ ()KOH - AljlOH), + 3K.4SO4. 

Al,(OH),, + 0 K()H- jKjO.AIA + 6 ^ 1 ./.). 
jKjO.AljO., + bXH4CU Al2()4.3H20 4 6 KC 1 +6NH3. 

5. Ka.4HP04 gives a white [ipt. ot Al2l’04 ; sol. in NaOH, sol. 

in HCl, repptd. by NH4OH in (;xcess, in.sol. in NH4C1 
or CHjOj. 

6. (KH4).4S gives a fairly while })pt. of Al2(OH).j; sol. in HCl. 

Zinc, Zn. 

1. HCl gives no ppt. 

2. HoS gives no ])pl. in acid sol. except in C2H4O2; in alkaline 

sols, it gives a white |)pt. of ZnS. 

3. (NH4)2S gives a white ppt. of ZnS; sol. in HCl, insol. in 

CoH,!)^. 

ZnS04 + (NH4)2S= ZnS + (NH4).4S04. 
ZnS-tzHCl-ZnClj+HjS. 

4. KOH or NaOH gives a white ])pt. of Zn(OH)2; sol. in excess. 

ZnSOj + 2KOH- Zn(OH)2 + KjSO,. 

Zn(OH)2 4-2KOH- KOj.ZnO + 2H2O. 

Mangranese, Mn. 

1. HCl gives no ppt. 

2. H2S gives no ppt. in acid sols.; in alkaline sols, it gives a 

flesh-coloured ppt. of MnS. 

3. (NH4)2S gives a buff or flesh coloured ppt. of MnS; sol. in 

• C2H4O2. 

MnCl2 + (NH4)2S=MnS + 2NH4CI. 

4. NaOH gives a white ppt. of«Mn(OH)2: insol. in excess, 

turning brown by oxidation, on standing, repptd. Ppt. 
not formed in presence of NH4CI. 

MnClj + 2NaOH= Mn(OH)2 4 - aNaCl. 

2Mn(OH)2 + 0=MnjOa -f HjO. 
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5. KjFeCy, gives a white ppt. of MnjFeCy,. 

aMnClj + K4FeCy„= Mn^FeCy^ +4KCI. 

Nickel, Ni. 

1. HCl gives no ppt. 

2. HjS gives no ppt. in acid sol. 

3. (NH4)2S gives a black ppt. of NiS; sol. in excess of (NH4)2S, 

insol. in HCl. sol. in aqua regia. 

NiS 04 + (NH4)2S = NiS + (NH 4 ) 2 S 04 . 

4. NaOH gives a light green ppt. of Ni(OH)2; insol. in excess, 

NiSOj + 2NaOH = Ni(OH)2 + Na2S04. 

5. NH4OH gives a similar ppt. ; sol. in excess. 

6. KCN gives a yellowish-green ppt. of Nif y2; sol. in excess. ^ 

NiS04 + 2KCy = NiCys + K2SO4. 

Cobalt, Co. 

1. HCl gives no ppt. 

2. H2S gives no ppt. in acid sol. 

3. (NH4)2S gives a black ppt. of CoS ; insol. in HCl, sol. in 

aqua regia. 

4. NaOH gives a blue ppt. of Co(OH;2.Co(NOj) 2 ; insol. in 

excess, becoming a rose-coloured ppt. of Co(OH)2 on 
heating. 

2Co(N 02)2 -i-2NaOH= Co(OH)2.Co(N02)2 + 2NaN03. 

5. K*CN gives a brown ppt. of Co(Cy)2; sol. in excess. 

CoiNOjjj -t2KCN = Co(CN)2 +K2SO4. 

Co(CN)2 +2KCN= 2KCN.Co(CN)2. 

Barium, Ba. 

1. HCl, H2S, NH4CI -(-NH4OH and (NH4)2S give no ppts., 

2. (NH4)2C0,, in presence of NH4CI-1-NH4OH gives a white 

ppt. of BaCOj; sol. in acids. 

BaCl2 -I- (NH4)2C02 = BaCO, -1- 2NH4CI. 

BaCOj2HCI=BaClj-(■ HjOCOj. 

3. ^Ca^04 gives a heavy white ppt. of BaSOj; insol. in acids. 

BaClj + CaS 04 = BaS 04 4- CaClj. 
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4. KjCrOj gives a yellow ppt. of BaCrOj; almost insol. in 
C2H4O2, sol. in HCl. 

BaClj +KjCr04= BaCrO^ +2Ka. 

. 5. HjSOj gives a white ppt. of BaSOj. 

6. Barium salts burn with a green-coloured flame. 

Strontium, Sr. 

1. HCl, HjS, NH4CI, NH4OH and (NH4)j,S give no ppts. 

2. (NH4)2C03 in presence of NH4CI and NH4OH gives a white 

ppt. of SrCOa; sol. in HCl. 

SrClj +(NH4)2C03- SrCOj -(-2NH4CI. 

3. CaSO^ gives a white ppt. of SrSOj with difficulty or after 

agitation or warming. 

SrCla -i-CaS04 - SrSO, -i-CaCl.4. 

4. H.,S04 also gives a white ppt. of SrS04. 

5. Strontium salts burn with a crimson-coloured flame. 

Calcium, Ca. 

1. HCl, HjS, NH4CI and NH4OH and (NH4)2S give no ppts. 

2. (NH4)2C03 in presence of NH4CI and NH4OH gives a white 

ppt. of faCOj : sol. in acids. 

CaCla +(NH4)2C03=CaC0.4 -1-2NH4CI. 

3. HjSOj gives a white ppt. of CaS04; insol. in acids. 

CaCljH2SO4 = CaS 04 -I- 2HCI. 

4. CaS04 gives no ppt. 

5. (NH4)2C03 gives a white ppt. of CaCOj: insol. in C2H4O2, 

sol. in HCl. 

CaCl2 -t (NH4)2C03 = CaCOj -t 2NH4CI. 

6. Calcium salts bum with a brick-red coloured flame. 

Magnesium, Mg. 

1. HCl, HjS, NH4OH and NH4CI and (NH4)2S or (NHjljCOj 

give no ppts. 

2. Na2H504 in presence 01 iNJti4C>i ana i'/H40H gives a white 

crystalline ppt. of MgNH4P04; sol. in HCl. 

MgSOi -H NH4OH -t NajHPOi= 

MgNH4P04-tNa 2 S 04 +H2O. 
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3. NH4OH, in the absence of chlorides, gives a white ppt. of 
Mg(OH),. 

MgS04 + 3 NH 4 ()H= Mg(0H)2 +(NH4)2S04. 

Ammonium, NII 3 . 

1. HCl, HaS, NH4OH, NH4CI and (XH4)2S.or (NHijjCOj or 

Na2HP04 give no ppts. 

2. Tartaric acid gives a white jipl. in strong solutions with 

agitation. 

NH4CI +C4H„0„= NH4C4H,0„ + HC 1 . 

3. Boiled with KOH or NaOH evolves NH,. 

4. PtCl4 in HCl sols, gives a yellow crystalline jipt. of 

PtCl4.2NH4Cl; insol. in alcohol. 

2NH4CI +PtCl4= 2(NH4Cl).PtCl4. 
s. Nessler’s solution gives a yellow to brown solution or ppt. 
of NoHgL.gH/). 

2NH4d +2[(HgI,.2KI) +4KOH]- 

N.,Hg4l2.2H20 + 2KCI + GHjO. 

Potassium, K. 

1. HCl, H.2S, NH4OH, NH4CI and (NH4)2S or 

(NH4)2C03.Na2HP04 give no ppts. • 

2. Tartaric acid in excess gives a white ppt. of KC4H5OJ; 

insol. in alcohol. 

KCl +C 4 H 20 „= KC4H5()„ +HC 1 . 

3. Koninch's Test. —2NaN02.Co(N02)2 gives a yellow ppt. 
of 2KN02.C0(N02)2. 

2KCI +2NaN02.C0(N02)2= 2KN02 .Co(N 02)2 +2NaCl.‘- 

4. Platinum chloride in dilute solutions gives a yellow ppt. of 

KjPtClg ; insol. in alcohol. 

2KCl+PtCl4=K2PtCl2. 

5. Potassium salts burn with a violet-coloured flame, best 

observed through a blue glass. 

Sodium, Na. 

I. HCl, HjS, NH4OH, NH4CI and (NH4)2S, (NHijjCOa or 
. • Na2HP04, C4HeO„ PtCl4, De Koninch’s test reagent, 

give no ppts. 
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2. KSbOj gives in neut ral solut ions a white ppt. of NajHjSbjO,. 

2KSb03 + 2N aCl + HjO = N a2H2Sb20, + 2KCI. 

3. Sodium salts burn with an intense yellow-coloured flame. 

Sulphuric Acid, H2SO4. 

1. BaClj or gives a white ppt. of BaS04; insol. in 

acids or NH4OH. 

(NH4)2S04 -tBaClj- ] 5 aS 04 -tXH4Cl. 

2. Sulphates, when reduced with KajCO^ on charcoal, yield 

sodium sul|)hide, which stains a silver coin black (AgjS). 

Sulphurous Acid, H2SO,. 

1. Sulphites, when treated with'lICl, evolve SO,, which 

reduces K.2Cr04 and liberates I from KIO,. 

NajSO., -r HCl - 2NaCl -t H^O -t SO^. 

4SO.2 -t- K. 2 Cr 04 - KjSOa -t Cl 2(504)2. 

5SO., -I- 4H2O -t 2KIO2 - KHSO4 -I- 3H2SO4 +12. 

2. BaCIj gives a white jipt.; insol. in HCl or HNO3, which may 

be oxidized by Cl into Na2S04. 

Na2S04 -I- BaClj- BaS04 -i-iNaCl. 

Hyposulphurous Acid, H2S2O3. 

I. BaCl2 gives a white ppt. sol. in HCl, with liberation of sulphur. 

NagSgOg -i-BaCl2 == BaSgOg -t 2NaCl. 

2 AgNOg gives a white ppt. of AggSgO,, which gradually 
drrkens to Ag,2S. 

Na2S,0., -t2AgN03= AggSjOg -i-2NaNOg. 

AggSg’O., + H2O - AggS 4 - H2SO4. 

3. Solutions containing Iodine are decolorized. 

cNajSjO, -t-l2- Na2S408 -i-2NaI. 

4. HCl liberates sulphur and sulphur dioxide. 

NajSgOj -t- 2HCI = 2NaCl -t- HgO -t S + SOg. 

Cartibnic Acid, HjCO,. 

I. Dilute or strong acids liberate COj, with brisk effervescence, 
turning lime-water «ilky, (forming calcium carbonate, 
which is sol. in excess of the gas. 

^ajCOg -eHCl=CO2 -tHgO + zNaCl. 

COj -i-Ca(OH)2= CaCOg t-HOj. 

CaCOg -fCOj +H20= Ca(HCO,)2. 
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2. BaClj gives a white ppt. sol. in acids. 

NajCOj +BaCl2 = BaCO, +2NaCl. 

Hydrochloric Acid, HCl. 

1. Chlorides, when heated with cone. H2SO4, evolve HCl, which 

gives dense white fumes with NH4OH? 

NaCl +H2S04 = HCl +NaHS04. 

2. Chlorides, when heated with cone. H2SO4 and MnOj, evolve 

Cl, which liberates I from KI. 

2NaCl+2HjS04+Mn02- 

NUaSO, +MnS04 +2H2O +CI2. 

3. AgNOj gives a white ppt. insoluble in HNO^, but sol. in 

NH4OH.KCN or NajS^O,. 

NaCl +AgNO,,- AgCl +NaNO;. 

Hydrobromi6 Acid, HBr. 

1. Bromides, when heated with cone. H2S04, evolve HBr 

(and Br). 

2NaBr + H2SO4 = Na2S04 + 2HBr. 

2. Bromides, when heated with cone. H2SO4 and Mn02, 

evolve Br, which stains starch-paper orange-yellow. 
2NaBr-(-2H2S04-)-Mn02 = 

Na2S04 -t-MnS04 -hBrj H-2H20. 

3. AgNOj gives a yellowish-white ppt.; slightly sol. in NH4OH, 

insol. in dil. HNO3. 

NaBr -h AgNOj^ AgBr n-NaNO,. 

t 

Hydriodic Acid, HI. 

1. Iodides, when heated with cone. H2SO4, evolve I mixed with * 

SO2, which turns starch-paper blue. 

2KI + 3H2SO4 = 2KHSO4 -H 2H2O -I- SO2 + 1 . 

2. 'Iodides heated with H2SO4 and Mn02 evolve I. , 

2KI-1-2H2SO4 -)-Mn02= K2SO4 +MnS04 + 2H2O.I. 

3. AgNOg gives a yellow ppt. of Agl; insol. in NH4OH and in 

dil. HNOg. 

KI-i-AgN03 = AgI+KN03. 

Sulphi^tted Hydrogren, HjS. 

X. Sulphides heated in air or oxygen evolve SOg. 
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2. Sulphides, in general, evolve K^S on treatment with HCl 

or H2SO4, which blackens lead acetate paper. Certain 
sulphides are only decomjwsed when heated with acids. 
FeS +H2S04= FeSOi +H2S. 

Pb(C 2 H 302)2 + HjS = PbS + 2C2H4OS,. 

3. AgNOa gi\%s a black ppt. ; insol. in dil. acids. 

{NH4),2S + zAgNO^ = AgjS + 2NH4NO3. 

Nitric Acid, HNO,. 

1. Nitrates, when heated with cone. H2SO4, evolve HNO, and 

brownish-yellow vapours comjwsed of the lower oxides 
ofN. 

NaNO,, -I- H2SO4 =. NaHS04 4- HNO.,. 

2. Nitrates healed with H2SO4 in presence of metallic copper 

evolve red fumes of NO2. 

2NaN0,,-f3H2S04+Cu = 

aNaHSO, -1- CUSO4 + 2H2O -1- 2NO2. 

3. Solutions of nitrates, when treated with H2SO4, and freshly 

prepared FeS04, in the cold, form a brown ring at the 
junction of the two liquids. 
aNaNOj -I- 4H2SO4 -r 6FeS04= 

Na2S04 4-3Fe2(S04), -hqHjO 4-2NO. 

4. Brucine, in presence of H0SO4, gives a red ring. 

Nitrous Acid, HNOj. 

1. Nitrites, when heated with dil. acids, evolve N2O2, which 

rapidly oxidizes in air, forming red fumes of N2O3 and 

N2O4. 

3KNO2 -f3HCl=HNO2 4 - 2 NO -t-HjO. 

2. AgNOj gives a white ppt. of AgNOj ; sol. in excess of water. 

KNO2 +AgN 03 = AgNOj -t-HNOj. 

Chloric Acid, HClOj. 

1. Chlorates heated with H2SO4 detonate, and evolve CI2O4— 

a greenish-yellow, highly explosive gas. 

3KCIO3 -|-H2S04= KCIO4 -hK2S04 -I-H2O +CI2O4. 

2. Chlorates heated with carbon deflagrate. 

3. Chlorajes heated alone decrepitate, and evolve oxygen. 

2KC103-i-heat = z KCI-1-3O2. 

4. Indigo is bleached by solutions of chlorates slightly acidified 

with H2SO4. 
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ChFomic Acid, HjCrOj. 

1. Cliromates heated with H.,S04 and NaCl yield red fumes of 

chromyl-chloride. 

2. BaClj gives a yellow ppt.; sol. in HCl and in HNO.„ insol. 

in 

KXrOi + BaCl., = BaCrOj + 2KCI. ' 

3. PblNOjjjOr Pb(C3H302).4 gives a yellow ppt.; sol. inNaOH, 

insol. m C^HjOj. 

4. AgNO, gives a dark red ppt.: sol. in HNO., or NH4OH. 
Apsenious Acid, H-tAsO,. 

1. AgNO, gives in neutral solutions a yellow j'pt.; sol. in 

NH4OH. 

3AgN0., 4 HjAsO.,^ AgjAsOa 4 3HNO.,. 

2. MgS04 in prcsenee of NH4CI and NH4OH gives no ppt. 
Arsenic Acid, HjAsOj. 

1. AgNO, gives in neutral solutions a reddish-brown ppt.; 

sol. in HNO,. 

2. MgSOj in presence of NH4CI and NH4OH gives a white ppt. 

of MgNH4As04. 

Hydrofluoric Acid, HF. 

1. Fluorides treated with cone. H,S04 evolve HF, which etches 

glass. 

CaF, 4 HijSO, = CaSO, 4 2HF. 

SiO, 4 4HF - 811 % 4 2HO. 

SiF4 44H2O-HjSiO, 4 2H2SiF,. 

2. BaCl, gives a white ppt. ; sol. in HCl. 

2 HF 4 BaCl 2 -BaF 2 4 2KCl. 

3. CaClj gives a gelatinous ppt. of CaF,. 

Orthophosphoric Acid, H3PO4. 

1. BaCij gives a white ppt.; sol. in HCl or HNO,. 

2. CaCl, gives a white ppt.; sol. in HCl, HNO,, or CjHjO,. 

NajHPO, 4CaCl2= diHP04 42 NaCl.' 

3. FcjCl, gives a yellowish-white ppt. of FeP04 f sol, in HCl o!’ 

HNO,, insol. in C2H4O2. 

2Nr.,HP04 4 Fe 2 Cl,= aFePOi 44 NaCl 42HCI. 
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4. MgSO^ gives, in jnesence of NH4CI and NH40H, a white 
ppt. 

Na.,HP 04 4 MgSOi 4NH4OH- 

MgNII^POi + NaaSO, + 2HCI. 

3. AgNO;, gives a yellow ppt. ; sol. in acids or NH4OH. 

Na2HP()4 +3AgNO,,- AgP04 +2NaN03 4HNO3. 

6. (NH4)2Mo() 4, in excess, in jnesence of cone. HNO,„ gives, 
on gc’iitly wanning, a canary - yellow ppt. of 
2(NH4).,P()4.22 Mo()4.i 2H..() 1 msol. in acids, sol. in 

NH,on. 

Met^'phosphopic Acid, HPO,,. 

1. AgNO,, gives a while gelatinous iijit. of AgNO,,. 

2. MgS()4, in jiresence of NH4C1 and NHjOH, gives no ppt. 

3. A-, free acid, it jijils. albumin. 

Pyrophosphoric Acid, H.jP.O,. 

1. AgNO, gives a white jijit. of Ag4P.20.; sol. in HNO, or 

NH4OH. 

2. MgSO, gives a while jipt. of Mg^PaO, ; sol. in excess, 

3. As free acid, it jijits. albumin. 

Boric Acid, H.,BO.,. 

1. Borates moistened with H2SO4 and alcohol burn with a 

green flame. 

2. BaClj gives a white jijit. ; sol. in acids. 

3. AgNO;, gives a white ppt. in concentrated solutions. 

Oxalic Acid, H2C2O4. 

1. Oxala+es heated with cone. H2SO4 do not char, but evolve 

CO and CO,. 

K2C.2O4 +H.2SO4- K2SO4 +CO +CO2 +H2O. 

2. BaCla gives a white jipt.; sol. in acids. 

• K2C2O4 + BaCU = BaCO, + 2KCI. 

3. CaClj gives a white ppt. ; .sol. in HCl or HNO,, but insol. in 

C2H4O2 or NH4OH. • 

'Tartaric Acfti, 0,11,0,. 

I. Tartrates heated alone in a dry tube char aij^ give off 
caramel odour. 
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2 . Tartrates, when heated with cone. HjjS04, char rapidly, 

and evolve CO and COj. 

3. CaClj, in neutral solutions, gives a white ppt.; sol. in acids 

and in cone, cold KOH repptd. on boiling. 

CaClj + KNaC4H40„= CaCiHiO, + KCl +NaCl. 

4. AgNOj gives a white ppt.; sol. in HNO,, acid NH4OH. The 

])pt. dissolved in the minimum quantity of NH4OH 
deposits on heating the Ag as a metallic mirror. 

2AgN0,, + KNaC4H408- Ag2C4H40„ + KNO3 +NaNO,. 

Citric Acid, C„HgO,. 

1. Citrates, heated alone in a dry tube, char, and evolve irri¬ 

tating fumes. 

2. Citrates heated with cone. H2SO4 char slowly, evolve CO, 

and subsequently COj, SOj, etc. 

3. CaClj.gives, on boiling in neutral solutions, a white ppt. 

(no jipt. in the cold) ; insol. in KOH, sol. iii NH4OH. 
3CaCl4 + 2 K 3 C„H 50 , = 6 KC 1 -t-CaafCeHjO,).^. 

4. AgNOj gives a white ppt. ; sol. in NH4OH, which deposits 

the Ag, on prolonged boiling, as a greyish amorphous 
ppt. 

3AgN03 -tK3C„H50,= 6KNO3 -hAgjCAO,. 

Benzoic Acid, C7H3O2. 

1. Benzoates heated alone in a dry tube sublime and evolve 

an irritating odour ; when mixed with CaO benzene is 
given off. Heated on pt. foil, benzoates ignite, burning 
with a smoky flame. 

CaO +C4HA= CaCO, -fCjH,. 

2. Benzoates do not char when treated with cone. HjSOj, 

benzoic acid being evolved. 

3. Fe^Cle gives a buff-coloured ppt. in neutral solutions; sol. 

in HCl. 

6NH4C,H502 -f zFejClj^ FejCC^HjOj), •+ CNaCl. 
Fe2(C,HA)6 +,6HC1= FCjCle -t-6C,H A- 

Formic Acid, CH^Oj. ^ 

I, Formates, heated with cone. HjS04, evolv 5 CO without 
charring. 

KHCO3 ■fH2S04= KHSO4-i-HjO-t-CO. 
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2. AgNOj, in neutral solutions, gives a white ppt., which 

rapidly darkens as the metallic Ag is deposited. 

AgNO, + KCHO2 = AgCHOs + KNO3. 

2AgCH02 +heat = HCHOj +CO2 +Ag. 

3. HgClj and HglNO,), bcfth give white ppts., turning to grey 

metallic* Hg. 

Lcetic Acid, CjH/),. 

1. Acetates heated wit h cone. H.,S04 evolve acetic acid. 

NaCaRjO. + ^ 50 ,=NaHSOi +C2H,02. 

2. AgNOj gives a white ppt. in cone, solutions; sol. in NHjOH. 

AgNO,, + NaCjH/), = AgQHjOj +NaN 03 . 

3. FejClg gives a red coloration, which becomes a brown ppt. 

on boiling. 

4. Acet ates do not reduce silver or mercury salts. 

5. Acetates heated with cone. H2SO4 and ethyl alcohol evolve 

ethyl acetate. 

C2H4O2 +C2H402= C2H5C2H3O2 +H2O. 

iydrocyanic Acid, HCN. 

1. Cyanides heated strongly with cone. H2SO4 evolve CO. 

2KCN + 4H2SO4 + 2H2O = 2K2SO4 + 2NH4HSO4 + 2CO. 

2. Cyanides treated with HCl evolve HCK gas, which may be 

converted into sulphocyanide by treatment with 
(NH4)2S, yielding a blood-red coloration on the addition 
oi a few drops ot HCl and FcjClg. 

3. AgNOj gives a white ppt.; insol. in HNO3, sol. in NH4OH 

or KCN. 

lulphocyanie Acid, HCNS. 

1. Sulphocyanides heated witli H2SO4 evolve HCN, COj, and 

H S 

kcNS -i-H2S04= KHSO4 -i-HCNS. 

•, HCNS -1- 2H2O = CO2 -t- HjS -I- NH3. 

2. FejClg gives a blood-red ppt.; destroyed by HgCl2, but not 

by HCl. 

6KCNS-eFe2Cl„= Fe2(CNS)e-I- 6 KC 1 . 

* 3. AgNO, gives a white ppt.; insol. in dil. HNO3, sol. in 
NH4OH and KCNS. ^ 

KCNS -t-AgN03= AgCNS -1-KNO3. 
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Feirocyanic Acid, HiFeC^N,. 

1. Ferrocyanides heated with cone. H2SO4 evolve CO; with 

dil. H2SO4 they yield HCN. 

K4FeC„Ne + OH2SO4 + 6H2O = 

3(NH4)2S04 +2K2SO4 +FeS04 +6CO. 
2K4FeC4N „ + 3H2SO4 = < 

KoFeCFeCjN,,) +3K2SO4 +6HCN. 

2. FCjCl, gives a dark blue ppt. (Prussian blue). 

3K4FeC„Ns + 2Fe2Cl,= Fe4(FeC„N„)2 + 12KCI. 

3. FeS04 gives a light bluish-while ppt., which rajiidly darkens. 

K4FeC4N4 -I- FeS 04 = KjFe.FcCeN, + K2SO4. 

4. AgNOj gives a white ppt. ; insol. in dil. HNO3 or NH4OH, 

sol. in KCN. 

KiFeCjNe -i-4AgNO.,= Ag4FeC4No 4-4KN03. 

5. CUSO4 gives a chocolate ppt. 

■ K4FeC„N e 4- 2CUSO4 - Cu2FeC„N „ -1- 2K2SO4. 

Ferricyanic Acid, HjFejCijNij. 

• I. Ferricyanides heated with cone. H2SO4 evolve CO and COj. 

2. FejCle gives a dark greenish coloration. 

3. FeS04 gives a dark blue ppt. (Turnbull’s blue). 

KsFcjCjjNia +3FeS04- Fcj.FesCiaNjj -(-3K2SO4. 

4. AgNOj gives an orange ppt.; insol.indil. HNO,,, sol.in KCN. 

KeFejCijNia -i-6AgNO.,= Ag„.Fe2Cj2Nj2 -ebKNOj. 

5. CUSO4 gives a greenish-yellow ppt. 

KsFeaCijNij + 3CUSO4 = Cuj.FejCijNjj -i- 3K2SO4. 

Salicylic Acid, C,HjOj. 

1. Salicylates heated with CaO evolve phenol. 

CjHjOj ■)- CaO = CaCOg -t CAOH. 

2. Warmed with H2SO4 and methyl alcohol, salicylates evolve 

methyl salicylate. 

3. FejClg gives an intense violet coloration, destroyed bj[ acids 

and alkalies. 

4. Bromine-water gives a yellowish-white ppt. 

Carbolic Acid, CjHjOH. 

1. Carbolates heated alone or with H2SO4‘evolve phenbl 

(carbolic acid). 

2. 'I^e2Cl, gives a reddish-violet coloration. 
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3. NaClO gives in a slightly atiimoniacal solution a deep blue 

coloration, turning red on acidifying. 

4. Bromine-water gives a yellowish-white jrjrt. of tribromo- 

phcnol (CgHjBrgOH). 

Tannic Acid, 

1. Tannates, when heated, char and evolve a caramel odour ; 

when heated with HjSO, they yield a dark green liquid 
with irritating fumes. 

2. FejClj gives a greenish or bluish-black ppt. (ink). 

3. Solutions of gelatine give a greyish ppt. even in dilute 

solution. 

Uric Acid, CSH4N ,0.,. 

1. Urates char immediately on heating, and evolve an odour 

of burnt leathers ; heated with HaSO^, they yield CO.4 
and SOj. 

2. Dissolved in HNO., and evaporated to dryness, a bright 

purple coloration is produced when the residue is 
drenched with NH4OH. 

Urea, < H4N2O. 

1. Urea is sol. in water or alcohol, insol. in ether. 

2. Heated to 150° C., ammonia is evolved 

3. HNO, liberates HjO, COj, and N. 

4. Alkalies on heating evolve NH3. 

Morphine, CijHijNOj. 

1. Morphine is insol. in water, sol. in alcohol or acids. 

2. FejClj in neutral solutions gives a dark blue colour, c'nanging 

to green on adding excess of the reagent, destroyed by HCl. 

3. HNO3, strong and in excess, produces an orange coloration. 

4. Alkalies ppt. morphine from its solutions; sol. in excess 

of the reagent. 

5. tif a little H2SO4 be added to a solution containing morphine 

and the resultant colourless liquid be divided into two 
parts, (i) HNO3 will yield^ a blood-red coloration ; 
(2) a crystal of KoCrjO, a green coloration. 

Qflinine, 

I. Slightly sol. in water, sol. in alcohol, chloroform, qpd most 
acids. 


3—3 
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2. KOH gives a while ppt. of the alkaloid ; insol. in excess, 

sol. in ether. 

3. Chlorine-water, to an ac'd solution, gives a green coloration 

on addition of NH4OH. 

Cinchonine, Ca^HjiN/). 

1. Less soluble than quinine. 

2. KOH gives a white ppt. of the alkaloid ; insol. in excess or 

in ether. 

3. Chlorine-water gives no coloration, but, on iddition of 

NH4OH, a yellowish ppt. 

Brucine, C23H25N.4O4. 

1. Slightly soluble in water; sol. in alcohol, dilorolorm, and 

most acids. 

2. HNO3 gives a pink colour, turning yellow on heating, and 

phrplc on the addition of SnCU. 

3. HNO3 in solution, containing a layer of H2SO4, gives a red 

ring at the junction of the two liquids. 

4. H2S04 gives a fugitive rose-red coloration. 

Strychnine, C 2 iH 23 N 202 . 

1. Slightly soluble in water, alcohol, and ether; sol. in chloro¬ 

form and in most acids ; sol. in H.2SO4, without change 
in colour, yielding in this solution the lollowmg protean 
colorations ; 

(«) MnOa—a violet to crimson, and finally orange. 

(ft) K2Cr04—a blue to reddish-yellow. 

2. IINO3 ; no change in the cold, yellow when heated. 

Nicotine, Cj„Hi4N2. 

1. A colourless oily liquid, oxidizing to a brown colour; sol. 

in water, alcohol, and ether with alkaline reaction. 

2. When warmed, yields dense white fumes in presence of 

cone. HCl. 

3. A solution of I and KI gives a transient yellow ppt. 

4. HNO3 gives no red coloration. 

Albumin. 

I. Albumin is coagulated on heating, forming an insoluble 
mass, and is pptd. more or less by most acids and certain 
salts (in particular, HgClj). 
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Methyl Alcohol, CH3OH. 

1. When heated alone, it evaporates without change. 

2. Chars with H.^S04. 

3. Free iodine gives no iodoform. 

4. O.xidizes to formic acid, 

Ethyl Alcohol, c’h.OH. 

1. When heated alone, it evaporates without change. 

2. Does not char with H.4SO4, but yields (CjHjIjO or CjHj. 

3. Heated with KOH and I+KI, a yellow jipt. of iodolorm is 

jiroduced. 

p O.xidizes to acetic acid. 

Glycerine, CoHsfDHl^. 

1. Heated alone, chars and evolves irritating fumes of acrolein. 

Sucrose, CuH^aO,,. 

1. Chars when treated with cone. H^SOj in the fold, yielding 

CO and SOj on heat ing. 

2. Does not reduce Fehling’s solution until inverted hy dilute 

acids. 

Dextrose, C|;H,./f„. 

1. Does not char in the cold with cone. HjSO^. 

2. Reduces Fehling’s solution, on heating,to a red ppt. (CujO). 

Maltose, Ci^H^jOu. 

1. Heated with cone. H^SO,, chars slowly. 

2. Reduces Fchling’s solution, on heating, to a red pjrt. (GujO). 

Lactose, CioH^aOii. 

1. Slowly charred in the cold by cone. H2SO4. 

2. Reduces Fehling’s solution, on heating, to a red ))pt. (CujO). 

Sellulose, C^Ki^o,. 

1. Insoluble in water or alcohol. 

2. Is not turned blue in presence of free iodine. 

Starch, CjHioOj. 

1. Insoluble in water, forming a paste. 

2. Turned blue in presence of free iodine. 

3. Con'verted at 150“ C., or «n gently warming with dil. acids 

• or gpzymes, into dextrin. 

Dextrin, C„Hi„05. 

1. Soluble in water, forming a gum. 

2. Is not turned blue in presence of free iodine. 

I 3. Is cenverted by dil. acids into sugars. 
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HgClj ; white to grey ppt- = Sn. 

Sb. Is deposited on Pt. Dissolve in warm HXO 3 , and pass HjS ; 
orange ppt. = Sb. 
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Table of Common Inorg-anic Acids. 

H2CO3, HjS, H2SO4, HjSO,, HCI, HBr, HI, HF, HjP04, HNO„ 
HCIO3. 

A. Add dilute HCI; warm, and observe if effervescence; if so, 

may be— t 

(a) H2CO3.—CO2: gives white ppt. with lime-water. 

(b) HjS.-—HjS: gives black ppt. with lead acetate. 

(c) HoSOo.—SO,: .smell of burning sulphur and bleaching 

KMnO^ solution. 

N.B.—If a chlorate is present, euchlorine is here 
given off. 

B. Heat with cone. HjSO^, when, in addition to " A,” acid fumes 

may be evolved — HCI from chlorides, HBr and Br from 
bromides, HI and I from iodides, CI2O4 with explosions from 
chlorates, HNO3 from nitrates, HF from fluorides. Confirm ' 
for HF by etching glass, for HNO3 by “ ring” test, cojiper 
test, and indigo test. The latter is also appreciable if HOC), 
is present. 

C. Heat another portion with H2SO4 and MnO,, when— 

Cl given off, recognised by its odour and action on KI and 
starch. 

I given off, recognised by its violet vapours and its action 
on starch paste. 

Br given oft, recognised by its reddish-brown fumes and 
smell, etc. 

D. If bases other than the alkalies are present, boil a portion of the 

original solution or substance with a slight excess of Na^CO,. 
Fflter, divide filtrate into two parts : 

1. Boil with HCI till effervescence ceases ; add BaCl— • 

a white ppt. = H2S04. 

2. Boil with HNO, till effervescence ceases ; add AgNO,— 

(a) White ppt., easily sol. in NH4OH. = HCI. 

(b) Yellowish-white ppt., difficultly sol. in NH4PH.= 

HBr. 

(c) Yellow ppt., nearly insol. in NH40H.= HI. 

N.B.—Separate HBr, ffi, by CS, test, and HCI from these 
by distilling with KjCrOj and H2SO4. 

E. After removal of copper and arsenic groups, if these be present, 

test, for H3PO4 by adding HNO, and ammonium molybdate 
—yellow ppt. = HjFOj. 



Table for the Separation of the Common Organic Acids. 

». Remove inorganic? bases, if present, by boiling with XajCOj ; filter ; acidify with HNOj, and . 
expel CO2 by warming ; neutralize with NaOH. 

2. In the ai>sence of bases, add XajCOa in excess ; boil ; add HXO3 till exactly neutral. 

Add CaClj to the neutral solution, and allow to stand tor ten minutes ; filter. 
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CHAPTER III 

GRAVIMETRIC ESTIMATIONS 
Estimation of Silica. 

Insoluble Silica. —^The silica is rendered insoluble and alone by 
treatment with excess of acid, the whole is evaporated to dryness, 
taken up with a little more ac:d, fdtered, washed, and dried, or 
ignited without previously being dried, and weighed as silica (SiOj). 

Soluble Silicate decomposed by Strong- Acids.— Weigh out 
into a platinum capsule l gramme silicate of soda, moisten it with 
a little water, and heat over a water-bath, with frequent addition 
of strong hydrochloric acid together with stirring, until all is dis¬ 
solved. Evaporate the solution to dr}mess, drench with strong 
hydrochloric acid, dilute with hot water, and decant off the super¬ 
natant liquid through a filter. Wash the residue in this way three 
times with hot water, pouring the washings each time through the 
filter. Lastly, transfer the residue of silica on to the filter, wash 
thoroughly with hot water until the wash water is no longer acid, 
dry the precipitate in the water-oven. Ignite the filter, and then 
add the ash to the dry silica, heat strongly, cool, and weigh |s 
SiOj. 

The ignited powder should be pure white in colour in every case 
where any degree of accuracy is required. The residue still retained 
in the platinum capsule should be heated over the water-bath with 
pure hydrofluoric acid and a little strong sulphuric acid, evaporated 
to dryness, ignited, and agjiin wejghed, the treatment with hydro¬ 
fluoric acid being repeated until no further loss is observed. 

The total loss thus produced equals the amount 6f silica present. 

Paftl^lly Soluble Silicate.— The substance must be very finely 
gfound in an agate mortar, so that no grit is felt when it is 
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bit with the teeth. A weighed quantity is fused in a platinum 
crucible with at least six times its weight of fusion mixture (Na^COa, 
K CO,) for about twenty minutes, or at least until the molten mass 
becomes quite tranquil. The hot cnicible is then half immersed 
in cold water contained in a porcelain evaporating basin, and is 
at the same time field steady by the tongs. In this way the melt 
is detached from the crucible more easily than by boiling it wholly 

immersed in water. . , , , 

The carbonates are dissolved by the addition of a little hydro- 
chloric acid, and the whole liquid is evaporated to dryness, the 
residue ignited, and then proceeded with as in an insoluble silicate 
for SiOj. 

Estimation of Water, Free and Combined. 

Moisture.— Substance.s which give u]) their moisture on heating 
up to 100 C., without otherwise changing in their chemical state, 
may be placed in shallow porcelain dishes or tared clipped watch- 
glasses, and subjected to the heat of the water-oven for a period 
of two or more hours ; then cooled, weighed, and again heated until 

no further loss in weight is observed. 

Combined Water.-I. Substances which require a higher tem¬ 
perature than 100“ C. in order to lose their water, and which are 
not altered otherwise at such temperatures, may be heated m a 
suitable dish or crucible over a Bunsen burner for twenty mmutes, 
cooled, weighed, and again reheated until a constant weight is 
obtained. . 



2 . Substances -which are altered by being strongly heated may 
be placed in a-bulbed ignition tube of Jena glass -‘i?; 

nect^ed at each end with tared U-tubes containing 
the limbs of which are plugged with cotton-wool and securely sealed. 
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The side tubes are fitted with short pieces of iiibber tubing into 
which glass rods are inserted, thereby preventing access of moisture 
into the U-tubc when not in use or whilst being weighed. 

A weighed quantity of the substance is introduced into the bulb, 
and is heated strongly, a current of pure dry air being at the same 
time aspirated through the tube. All moisture'is drawn over into 
the exit U-tubes, the increase in weight of which represents the 
amount of water in that quantity of the substance operated upon. 

Estimation of Carbon Dioxide. 

By direct Weighing. —The carbon dioxide is liberated by treat¬ 
ment with a dilute acid, with the assistance of more or less heat, 



Fig. 15.—ScH.iOirEH Apparails. 


and is passed through a scries of fared U-tubes, containing caustic 
potash or soda-lime, by suction from an aspirator. After complete 
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evolution the vessels are washed by means of a slow current of pure 
dry air or oxygen, in order that all the carbon dioxide may bo drawn 
into the absorbing medium. 

By Difference. —^Tliis method gives excellent results with careful 
manipulation, a very con vet) lent form of the apparatus being that 
known as the Schro^ter. This consists, as will be seen, in an arrange¬ 
ment made of thin glass, combining in one the acid reservoir, evolu¬ 
tion chamber, and absorption cylinder. The reservoir is filled pre¬ 
ferably with dilute hydrochloric acid (i ; i), and the absorption 
chamber halt filled with st rong sulphuric acid to arrest any escaping 
aqueous vapour that may be carried along with the carbon dioxide. 
The vessel is accurately weighed, and i gramme of the substance 
being introduced into the lower chamber, the stopper having been 
slightly greased with a little vaseline, is set in firmly, and the 
I dilute hydrochloric acid is run in slowly in small quantities at a 
time. When effervescence ceases, the apjiaratus is gently heated 
by a snial! burner over wire gauze m order to complete the reaction. 
A current of pure dry air is next aspirated through the apparatus 
by attaching a piece of rubber tubing to the exit stopjiertube, in 
order to wash the chamber free of carbon dioxide ; the apparatus 
is then cooled in a desiccator and weighed. The loss in weight 
represents carbon dioxide. 

Estimation of Iron. 

The iron is precipitated as hydrate and weighed as oxide. For 
this purpose the solution must first be oxidized with nitric^cid. 

Dissolve I gramme jmre recrystallized ferrous ammonium sulphate 
(5e(NH4)2. (S04)2.6 H.j 0) in ioo c.c. of water, add a few drops of strong 
nitric acid, and boil the solution for several minutes. Care tnust be 
taken that the iron is completely oxidized. This may be seen by 
testing a drop of the assay solution with a drop of a freshly prepared 
solution of potassium ferrocyanide, when no blue colour appears; 
otherwise more acid must be added, and the solution again boiled 
till this stage is reached. Now qfJd exaess of ammonium hydrate 
(specific gravity o‘8£o) to the hot solution, and again boil. Allow 
to settle, decant oft the colourless supernatant liquor through a 
filter, wash the precipitate three times by decantation ivith hot 
water, afterwards transferring it to the filter, and continue washing 
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it with hot water till the wash water gives no precipitate with 
barium chloride. Dry the precipitate in the water-oven, detach 
it carefully from the filter, ignite the filter, and add the ash to the 
precipitate in a porcelain crucible. Heat both together at a red 
heat until constant in weight. From the weight of ferric oxide 
{FcjO.,) the amount of iron in the amount taken may be got by 
multiplying by the factor 0700. 

Estimation of Aluminium. 

Aluminium may be estimated as hydro.xide in a similar manner, 
without the necessity, as above, of oxidizing. The jirecipitate is 
ignited and weighed as alumina (Al^C),), and may be reported as 
such or as aluminium by multiplying by the factor o’S.joiS. 

Estimation of Calcium. 

If the calcium exists in an insoluble form, as in gypsum, the'salt 
must first be fused with fusion mixture in order to convert it into 
the state of carbonate. 

Dissolve' I gramme jiure calcium carbonate—Iceland spar suits 
admirably—in a little dilute hydrochloric acid, and dilute the 
resulting solution to about too c.c. with water. Heat, add am¬ 
monium hydrate in slight excess, and then a solution of ammonium 
oxalate, also in slight excess. Stir well, allow to settle, decant off 
the clear liquid through a quick filter, wash the precipitate three 
times by decantation, transfer it to the filter, and again wash it 
till the*washings give no precipitate with silver nitrate. Dry in 
the water-oven, detach the precipitate completely from the paper, 
and place it in a porcelain crucible. Ignite the filter, and add its 
ash to the precipitate. Ignite at a gentle temperature, and finally 
for about twenty minutes at a bright red heat until the weight is 
constant. VVeigh as CaO. 

Estima^on of Magnesium. 

The magnesium is precipitated as magnesium ammonium phos¬ 
phate (MgNH4P04.6H20), ignited and weighed as magnesium pyro- 
phosp(}atf (MgjPjO,). 

Dissolve 1 gramme pure magnesium sulphate (MgS04.7H20) in 
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about 50 c.c. cold water (note : this precipitation must be carried 
out with cold solutions), add a little ammonium chloride, and then 
excess of a solution of sodium phosphate. Stir well tor at least 
fifteen minutes, and allow to stand for twelve hours. A rapid pre¬ 
cipitation may be accomplished by shaking the assay solution in a 
stoppered cylinderlor at least ten minutes, and as the precipitation 
is by no means very rapid, a prolonged jjeriod of settling is thus 
obviated. When a number of analyses are reejuired to be carried 
out, a mechanical agitator will be found most useful. 

The clear liquid is next decanted through a filter, and the pre¬ 
cipitate wa.shed with dilute ammonia (1 : 3) till free from sulphates, 
as shown by testing a few drops with barium chloride. 

The precipitate is dried in the water-oven, ignited, until per¬ 
fectly white and constant in weight, over the blow-pipe or in a 
muffle furnace at white heat. The magnesium is found by multi¬ 
plying the weight of magnesium pyrophosirhate thus obtained by 
the factor 0’2i848. 

Estimation of Potassium. 

The potassium is precipitated and weighed as |)Otassiifm platinic 
chloride. 

Dissolve 0'25 gramme jmre potassium chloride in a little water 
acidified with a few drops of hydrochloric acid in a porcelain evapo¬ 
rating basin ; add at least three times its weight of platinic chloride 
dissolved in water, and evaporate down to almost dryness. 

Excess of platinic chloride will be demonstrated by a yellow 
colour of the supernatant liquor. 

Drench the crystals with a little alcohol, stirring them uj) gently 
with a glass rod. Allow to settle, filter through a tared filter, wash 
with alcohol till free from platinic chloride. This will be observed 
by the washings becoming colourless. Dry the filter, and precipi¬ 
tate in tfie water-oven until constant in weight. The weight of the po¬ 
tassium platinic chloride precipitate multiplied by o'lboqi equals K. 

Estimatidn of Phosphate (expressed as PO4). 

The phosphate is precipitated as magnesium ammonium phos¬ 
phate (MgNH^POi.bHjO), ignited and weighed as magnesium 

pyro-phosphate. 
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Dissolve I gramme pure sodic phosphate (Na2HP04.i2H20) in 
100 c.c. water, render slightly alkaline with ammonia, and add an 
excess of magnesia mixture. Stir well, and proceed as in the estima¬ 
tion of magnesium as phosphate. 

The weight of ignited precipitate thus obtained multiplied by 
o' 63784 equals phosphoric anhydride (PO4). ' 

Magnesia mixture is prepared by dissolving 180 grammes MgSt^ 
in 1,250 c.c. water, and dissolving in this solution 200 grammes 
ammonium chloride, finally adding 750 c.c. ammonia (specific gravity 
880), and allowing it to settle for a few days. 

Working upon 2 grammes of a phosphate, 50 c.c. of this solution 
will precijiitate lOO per cent, tricalcic jfiiosphate. 

Estimation of Sulphuric Acid in a Soluble Sulphate. 

The sul]ih'ate is precipitated with barium chloride, and weighed 
as barium sulphate. 

For this purpose dissolve i gramme pure copper sulphate 
(CUSO4.5H2O) in 100 c.c. water, acidify with a few drops of hydro¬ 
chloric acid, boil, add a little ammonium chloride and excess of 
barium chloride (hot solution), and boil for some time. Allow to 
settle, wash by decantation with hot water, then transfer the preci¬ 
pitate to the filter, continuing the w'ashing till free from chlorine 
(indicated by testing the washings with silver nitrate). Dry, detach 
the precipitate from the filter, incinerate the paper, add it to the 
precipitate in a porcelain crucible, and ignite it at a red heat until 
constant in weight. 

Any barium sulphate on the paper which may be reduced in the 
incineration to sulphide may be oxidized to sulphate by addifig 
I drop of hydrochloric acid along with 2 drops of sulphuric acid, 
gently expelling excess of acid at a low temperature, and igniting 
at a red heat. Finally, weigh as barium sulphate. 



CHAPTER IV 


VOLUMETRIC ESTIMATIONS 

Note on Volumetric Analysis. 

V'oLUMETRic analysis consists chiefly in apj)lying accurately 
measured volumes of reagents to known volumes of the solutions 
of t he substance to be tested, both solutions being of known strength, 
and thereby bringing about certain chemical changes' the results 
of which are visible to the naked eye, either alone or with the 
assistance of secondary reagents tenued “ indicators.” 

Gravimetric analysis generally requires a considerable length of 
time, together with more or less apparatus, and very often becomes 
very complicated and tedious. These difficulties are mostly, if 
not in all cases, overcome by the use of volumetric methods which 
combine simplicity with accuracy, embracing the u.se of the solu¬ 
tion of the substance to be tested, the “ standard ” solution of the 
reagent, the indicator (if required), and the measuring vessel or 
“ burette.” 

All measuring vessels must be accurately graduated; the sftndard 
solutions must be accurate as to strength and purity, and must 
agree with each other. 

piere are three chief classifications of volumetric methods : 

1. The substance is estimated by saturating its solution with a 
standaiid solution of exactly opposite chemical properties— e.g., 
acid and alkali. 

2. The substance is estimated by precipitation, and noting the 
volume of .standard solution of the precipitant that may be required, 
silfch as silver nftrate and sodium chloride solutions. 

3. The substance is oxidized— e.g., by KMn04, K2Cr04—or 
reduced (SnClj, NajSsO,), the end-point being made clearer and 

49 4 
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sharper by the use of an indicator, and the volume of standard 
solution of the agent used noted, such as in the estimation of iron 
by potassium bichromate. 


Indicators. 

Most indicators are less sensitive in hot liquids than they are in 
the cold. 

Litmus. —This solution is ])reparcd by re])e.atcdly treating solid 
(cube) litmus with boiling water. The combined extractions are 
then stood over for two or three days to settle ; the clear liquid is 
then decanted off and preserved in bottles with jdenty of access 
of air. The addition of 2 or 3 drops of chloroform assists its jirc- 
servation. Litmus cannot be used in the i)resence of carbonic 
acid; its end-point is sharp, and is indeed one of the most sensitive 
of indicators. 

Litmus-paper is prepared by soaking strips of filter-paper in 
litmus solution (red and blue) and allowing them to dry slowly. 

Cochineal. —Unlike litmus, this indicator is not affected by car¬ 
bonic acid' and it may be used in gaslight. Its solution is prepared 
by dissolving i gramme of powdered cochineal in 20 c.c. alcohol 
and diluting to 100 c.c. with water. The clear solution is reddish- 
yellow, changing to violet-red with alkalies. 

It cannot be used in presence of salts of iron, alumina, or acetic 
acid. 

Turmeric. —This is not a very satisfactory indicator. A slightly 
alkaline alcoholic tincture of turmeric may be used for preparing 
turmeric paper in the titration of organic acids by alkalies. 

Methyl Orange (jiara-dimethylaniline-azo- benzone-sulphonic acid) 
is an orange powder soluble in water, a suitable strength being i in 
1,000. It is very sensitive, especially to heat, and must not be 
used in excess, else the end-point is slow and uncertain. Jt may 
be used in presence of carbonic, hydrocyanic, boric, arsenious, 
stearic, and carbolic aci^s, and^ sulphuretted hydrogen, but not 
with organic acids, as acetic, citric, oxalic, etc. It is, generally 
speaking, the most convenient indicator. 

■ Phenplphthalein (dioxydiphenyl-phthalide).—One gramme may 
be dissolved in 100 c.c. alcohol of 50 per cent. It cannot be used 
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lor ammonia or its compounds, but is specially useful in titrating 
the organic acids. 

Epythrosin. —^This indicator is extra sensitive, and may be used 
for the estimation of minute quantities of alkalies or acids. It is 
turned to a rose colour by alkalie.s. 

Standard Solutions. 

Normal Sodic Carbonate (53 grammes Na^CO.) per 1,000 c.c.).— 
Ignite about 60 grammes jiure anhydrous sodic carbonate in a 
jilatinum dish at a dull red heat lor about twenty minutes. Cool 
in a desiccator, weigh out exactly 53 grammes, place the salt in a 
litre flask, dissolve in water, and make up to the mark at 16” C. 
This solution will keeji indefinitely if made with distilled water. 

Normal Sulphuric Acid (49 grammes H^SOj per 100 c.c.).—Mix 
35 c.c. pine sulphuric acid (specific gravity, i’840) with about tour 
times its volume of water by pouring the acid gradually into it 
with gentle shaking. Allow to cool, and make up to 1,000 c.c. at 
16° C. 

The solution is now ready for standardization against yie normal 
alkali solution above. 

Clean out a burette, first with soap and water, to free it from all 
grease, and then with liot water, and finally cold water. Always 
rinse out the burette with a little of the solution before proceeding 
to fill it up to the zero mark, allow it to drain, and then fill up to 
the mark. An Erdmann float is very useful, especially when the 
illumination is defective. Run out 10 c.c. into a beaker,,dilute 
to 50 c.c., and estimate the sulphuric acid gravimetrically by barium 
chloride. Then pipette 20 c.c. of the N.Na^COj solution into a 
beaker, and run in sulphuric acid from the burette until the neutral 
point is reached, using methyl orange as an indicator. The acid 
must then be diluted or strengthened until 20 c.c. of the acid exactly 
equal 20 c.c. of the alkali solution. 

Weigrhts and Factors requited in *Volumetric Analysis. 

*A normal solution is one that contains in i litre that proportien 
of its molecular weight in grammes of the substance whi^h corre¬ 
sponds to I gramme of available hydrogen or its equivalent. 

4—2 
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Thus, ^ (normal) hydrochloric acid contains 3h'5 grammes HCl, 

and 1 sulphuric acid j =^49 grammes HjSO,. 

Normal acid solutions are equivalent in strengtli to normal alkali 
solutions. 


Normal sulphuric acul 

1 c.c. — o-<>49 

gramme 11^804. 

Normal hydroclilonc acid .. 

1 c.c.—0-0361; 

gramme }1C1. 

Normal nitric acid .. 

1 c.c. —o*o(>3 

gramme HNO.,. 

Normal oxalic acid .. 

1 c.c. —0-003 

gramme 

Normal acid 

I c.c.—0-017 

gramme NH;,. 


-o-()33 

gramme NH,OH. 


.= 0-028 

gramme CaO. 


— u 

gramme KOH. 


—n-(j4 

gramme XaOH. 


^o-ot;3 

gramme 


—0-084 

gramme NaHCO.,. 

Normal sotUum hydrate .. 

I c.c.=o-o4f) 

gramme NaOll. 

Normal potassium hydrate 

T c.c. =0-050 

gramme KOH. 

Normal soilic carbonate .. 

1 c.c. =0-053 

gramme Na.,<-0.i. 

Normal alkali 

I c c. =0 0^5 

gramme 


T c.c. =0-002 

gramme 


1 c.c.=o-o.S8 

gramme butyric acid. 

Decinormal silver nitrate .. 

1 c.c.—0-0108 

gramme silver. 


1 c.c.=0-00^55 gramme chlorine. 

Decinormal iodine .. 

I c.c. =0-00495 

gramme As.^O^. 

Decinormal hichroinatc 

I c.c. =0-02450 

gramme FeSt)^. 


I c.c. =0-0216 

gramme Fe. 

Decinormal thiosulphate .. 

I c.c. =0-(J24S 

giamme 


—o-o[27 

gramme 1. 


— troo355 gramme Cl. 


=o-cio8o 

pamme Hr. 


Estimation of Iron. 

t 

This operation consists in oxidizing the iron, previously brought 
into the ferrous condition by treatment, if necessary, with such 
reducing agents as sulphurous acid or, belter still, stannous chloride, 
into the fer;ic state by treatment with potassium permangamate or 
bichromate at ordinary temperatures in presence of free sulphuric or 
hydrochloric acids, but ncft acetip ac'd, according to the equation 

ioFeS04+K2Mn208+8H2S04= • >• 

5Fe2(S04)3 + zMnSOi + K 2 S 04 + 8 H 2 O. 

6 FeSG. +K.Cr, 0 , +7H2S04= 

3Fe2(S04)3 + Cr2(S04)3 + K 2 SO 4 + 7 H 2 O. 
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Solution of Potassium Permanganate. —Dissolve 282 fijramracs 
of the pure salt in water, and dilute the solution to 1,000 c.c. Then 
I c.c. should be equal to o‘5 gramme Fe. To ascertain the exact 
strength ol the solution it must be standardized (from time to time, 
as it is unstable) against a solution prepared by dissolving O '2 gramme 
of pure iron wire (i)iano wire suits) in 10 c.c. H^SOj, and diluting 
to 1,000 c.c. and titrating. The solution may also be standardized 
against a correct solution of oxalic acid. The permanganate titra¬ 
tion is more advantageous to work with in that it is easier, and 
the end-point is sharjier. The solution, however, is unstable, and 
must not be used in presence of hydrochloric acid or free chlorine, 
excess of nitric acid or organic matter. 

Solution of Bichromate.— Dissolve q'qid grammes of the i)ure 
dry salt in water, and dilute to i,000 c.c. 

, Estimation of the Iron in Ferrous Solutions.— Weigh out 
I gramme jjure rccryst allized ferrous ammonium sulphate (Fe(NH4)2, 
(504)2.611.20), dissolve it in water, acidify with a few drops of sul¬ 
phuric acid, and make up to 250 c.c. Mix thoroughly, and pipette 
off 25 c.c. into a clean beaker. Dissolve O'l gramme potassium 
ferricyanidj (KaFeCy^) m 100 c.c. water, and spot ou^ drojis of 
equal size of this solution over the surface of a clean white tile at 
equal distances, and in line with one another. Spot plates—that 
is to say, porcelain tiles having suitable cup-shaped depressions— 
may be had for this jHirpose. A trace of a ferrous salt will turn 
these spots blue, ferric salts exhibiting no visual change. 

Run in the bichromate solution from a burette, about i c.c. at 
a time, into the warm ferrous solution (at about 60° C.), stir well, 
and after each addition lay out a droji in contact with i or 2 
drops on the plate. More bichromate is then added until a pre¬ 
cipitate appears. This is at first greenish in coloui. The solution 
must now be added very carefully, a few drops at a time, until the 
assay gives with the test a colour which is faintly greener than two 
drops of the assay solution iilaced alongside. The operation is then 
repeated with a fresh quantity qf the ierrous solution until con- 
coj'dant results are obtained, in which case the bichromate may 
be run in in a steady stream to within a drop or two of the end¬ 
point. . 

Calculation .—The total amount of iron in the 250 c.c. is obtained 
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by multiplying the number of c.c. of bichromate used by the 
factor o' 0056, and then by lo, as 25 c.c. were taken at each opera¬ 
tion. 

Estimation of Iron in Ferric Solutions.— The iron is reduced 
to the ferrous state by means of a suitable reducing agcul, such as 
stannous chloride, according lo the equation 

FeX-lfi -i-SnCU =2FeCl„ + SnC.lj. 

Dissolve 20 grammes stannous chloride in 20 c.c. dilute hydro¬ 
chloric acid, and dilute the solution to 1 litre. Fill a burette with 
this, solution, cautiously run this into the hot lorric solution (which 
has been irreviously obtained by solution in hydrochloric acid) until 
the colour is disch.arged. This will necessitate excess of stannous 
chloride. A large excess must be avoided, which must then be 
oxidized by adding a small quantity (i to 5 c.c.) mercuric chloride 
(2’5 per cent. HgCU). Boil; it the solution clears or only a 
very slight precipitate of mercurous chloride remains, it may be 
cooled and titrated as described before with the bichromate solu¬ 
tion. 

Estimation of Chlorine. 

Dissolve i6'y6<) grammes pure recrystallized silver nitrate in 
distilled water, and make the solution up to i litre. Store the 
solution in a dark blue glass-stoppered bottle in a dark place. 
Prepare a 2 per cent, solution of potassium chromate free from 
chlorine. 

Proq’ss .—Weigh out i gramme pure common salt, dissolve in 
water, and make the solution up to 250 c.c. Pipette out 25 c.c. 
of this solution into a porcelain evaporating basin for titratien, 
and a drop or so of the potassium chromate. Run in from a burette 
the silver nitrate solution; at each addition of silver nitrate a red 
precipitate of silver chromate will form, which will dissolve in the 
excess of the chloride solution with the aid of a little stirring. A 
white fugitive precipitate of silver chloride may also be noticed. 
On the continued addition of the silver nitrate the precipitate will 
remain undissolved, settling to the bottom, and Jeaving a yelloW' 
supernatant liquid. At this stage continue adding more silver 
nitrate very cautiously, drop by drop, until the yellow liquid just 
changes to a reddish tinge. Repeat the experiment, running in the 
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silver nitrate in a steady stream, to within a few drops of the end¬ 
point. 

Each c.c. silver nitrate corresponds to 0'003545 gramme chlorine, 
or o’oo 5845 gramme sodium chloride. 

Estimation of Phosphoric Acid (Uranium Process). 

This process is based upon the fact that, when a solution of 
uranium nitrate or acetate is added to a solution of a phosphate in 
the presence of an alkaline acetate and free acetic acid, the whole 
of the phosphoric acid is thrown down as uranium jrhosphate 
(Ur,03.P.,()r,) in the form of a yellow precipitate. A solution con¬ 
taining free mineral acid must be neutralized, and e.xccss of the 
alkaline acetate added, together with excess of acetic acid. The 
excess of uranic solution is ascertained by testing a droji of the 
assay solution with i drop of freshly dissolved potassium ferro- 
cyanide. 

The solutions required are— 

1. S.S. Uranium nitrate or acetate : i c.c. equals 0-005 gramme 
P, 0 ^. Weigh out about 35 grammes of the salt, acidify with 25 c.c. 
glacial acetic acid, dissolve, and dilute to i litre whh distilled 
water. 

2. S.S. Trihasic phosphate ; 50 c.c. equals i gramme P^Oj. Dis¬ 
solve 5-886 grammes sodium ammonium phosphate (previously 
well dried by pressing between filter-paper) in water, and make the 
solution up to 100 c.c. 

3. Solution of sodium acetate, prepared by dissolving 100 grammes 
sodium acetate in water, adding 50 c.c. glacial acetic aRid, and 
(\iluting to I 000 c.c. 

4. Solution of potassium ferrocyanide (freshly prepared). 

Process.—Pipette 50 c.c. of the sodic phosphate solution into 

a beaker, add 5 c.c. sodic acetate solution, and heat to 90° C. Run 
in the.uranic solution from a burette in slightest excess—that is to 
say, until i drop of the assay solution produces with I drop 
of the solution of ferrocyanide the fastest reddish-brown colora¬ 
tion. Once more heat the assay solution to 90° C., and again 
■’spot out.” *11 the coloration persists, the assay is completed; 
if the coloration fails,',more uranium must be added to produce 
this tint. 
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The uranium solution is then diluted until 20 c.c. equal 50 c.c. 
of the phosphate solution. The solution is finally checked by 
running in rapidly the uranium solution to within a few drops, and 
then finishing off very accurately. 

Estimation of Phosphoric Acid in Bones, Soluble 
Phosphates, etc. 

{In Solutions Free from Iron and Alumina.) 

The uranium solution for this purjjose is standardized against a 
standard solution of tricalcic phosphate. Dissolve 50 grammes 
pure tricalcic phosphate in a small quantity of dilute hydrochloric 
acid, then add a slight excess of ammonia, sufficient to cause preci¬ 
pitation, which redissolve in a slight excess of acetic acid, and dilute 
to 1,000 c.c. with distilled water. It is advisable to run the uranium 
solution into' a known quantity of the phosphate solution. In the 
event of the tricalcic phosphate salt not being pure, it is well to 
estimate the phosphoric acid in it by dissolving in a little nitric 
acid, precipitating with slight excess of ammonium molybdate, 
redissolving the washed phospho-molybdate jirecipitate in ammonia, 
and finally estimating the phosphoric acid as magnesium pyro¬ 
phosphate with magnesium mixture. If the salt is found pure, a 
quantity equal to 5 grammes is dissolved as above, and diluted to 
I litre. 

S.S. Uranium Acetate. —^This should be of such a strength that 
25 c.c. equal 50 c.c. 

S.S. Calcic Phosphate. —^Then i c.c. S.S. uranium equals i per 
cent, soluble tricalcic phosphate, using i gramme of the sample. 

Process. —For superphosphates, etc., containing only traces of 
iron and alumina, take 10 grammes of the sample in a mortar, and 
crush gently with a little cold water to a creamy consistency. 
Transfer this cream to a flask graduated at 503'5 c.c.; the fxcess 
(3‘5 c.c.) allows for the presence of any insoluble matter in a com- 
■mercial superphosphate, running from 25 to 30 per cent. Dilute 
to the mark with cold water, and sh^ke occasionally for half an hour. 
Filter through a dry paper into a dry beaker, and measure out 
accurately 50 c.c. (equal to i gramme sample) of the clear filtrate 
into. anotKer beaker for titration. Add a 10 per cent, solution of 
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ammonia in just sufficient quantity to precipitate the inonocaicic 
phosphate as tricalcic phosphate, reclissolve this precipitate in a 
slight excess of acetic acid. The jwesence of iron and alumina 
will be seen at this stage by the solution remaining opalescent ; 
with only a slight opalescence the process may be proceeded with, 
but with more than a trace the operation must be stopped, and 
the sample treated specially, as hereafter described, in order to 
eliminate the iron and alumina. The uranium solution is now run 
into the cold solution with stirring, until a faint chocolate colour 
is observed with the ferrocyanide iqwn the s])ot ])late. The assay 
solution is then heated to ()0° and the titration finished at that 
temperature. A second titration is carried out by running in 
nearly all the uranic solution to within a few drops of the end-point 
in a steady stream, this titration being turther checked by a third 
assay. 

* In cases where the iron and alumina and other substances occur 
to such an e.xtent that the accuracy of the process as above described 
is interfered with, the phosphoric acid must be precipitated with 
ammonium molybdate solution in nitric acid solution, as described 
in the gravimetric section, washed, dissolved in excess of ammonia, 
and reprecipitated by magnesia mixture, redissolvcd, and finally 
titrated with the uranium solution. Or the solution maybe treated 
direct by Joulie’s citro-magnesia method as follows 
Joulie’s CitPO-Mag-nesia Process.— Treat from i to lo grammes 
of the sample with hydrochloric acid, or if necessary with hydro¬ 
chloric and nitric acids, in a measuring flask till all but silica re¬ 
mains, cool, make up to the mark, and filter through a drj^filter. 
Of the clear filtrate pipette out a portion equivalent to about 
O'oy gramme of phosjjhoric acid, and to it add sufficient of the 
citro-magnesic solution to form a precipitate, which will only 
appear after a few moments. For this purpose add lo c.c. of the 
citro-magnesic solution. A direct precipitate will show the pres¬ 
ence of phosphates of iron and alumina. More solution must be 
added, not to the assay solution, but to,a fresh similar jwrtion of 
the phosphate filtrate, as the precipitated iron and aluminium 
phosphates are ‘rather difficult to rcdissolve. A fresh portion— 
say 20 c.c.—of the citro-magnesic solution may be added, in order 
to effect slow precipitation. 
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Citro-Magnesic Solution. —Slowly dissolve by gradual additions 
27 grammes magnesia carbonate in 270 grammes citric acid dis¬ 
solved in 350, c.c. hot water. After complete solution, cool, and 
add 40 c.c. concentrated ammonia ; dilute to i litre. 

S.S. Uranium Nitrate. —Dissolve 40 grammes of this salt in 
800 c.c. water, render slightly turbid with ammonia, redissolve in ^ 
acetic acid, and dilute to i litre. Standardize this solution against 
a standard solution containing 8'io grammes pure acid ammonium 
phosphate per 1,000 c.c. Each c.c. of this solution will equal 
0'005 PA- 

Process .—The weighed quantity of the sample having been 
dissolved and filtered free from any silica, the phosphates are pre¬ 
cipitated in the form of ammonium magnesium phosphate, allowed 
to stand for about twelve hours, filtered, washed with dilute ammonia 
till free from magnesia, rcdissolved in dilute nitric acid, brought 
slightly batk with ammonia, and again just dissolved in dilute 
nitric acid (this to avoid any excess of acid) heated to qo° C. Five 
c.c. acetate of soda solution added, and titrated with S.S. uranic 
nitrate. 


.Pemberton’s Method. 

Solution of Ammonium Molybdate.—Dissolve 90 grammes in 
700 c.c. water, allow to stand. Any jnecipitate of molybdic acid 
may be redissolved after decantation in a little ammonia. Make 
the clear solution up to i litre. Each c.c. will precipitate 3 milli¬ 
grammes P2O5. 

5.5. * Sulphuric Acid.— Dilute 3237 c.c. normal acid to i litre. 

5.5. Potassium Hydrate.— Prepare a solution of like strength, 
and check it against the acid, using as an indicator phcnolphthalein.' 

S S. Ammonium Nitrate.— A saturated aqueous solution. 

Process .—Dissolve i gramme of the phosphate in a little nitric 
acid, filter, cool, dilute the filtrate up to 250 c.c. with water, t Pipette 
25 c.c. of the filtrate into a beaker, neutralize with ammonia, add 
5 c.c. concentrated nitric,acid, 10 c.c. ammonia nitrate, and dilute 
to 63 c.c. Boil, add 5 c.c. molybdate solution with constant 
stirring, allow to settle, repeating the operation \intil no furfRer 
precijntate is formed with more of the molybdate solution. It viU 
be found that from 10 to 15 c.c. will be required as a rule. A 
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large excess ol the molybdate, however, ought to be avoided. Filter 
through a 7-centimetro filter, washing the precipitate on to the 
filter by decantation with water ; wash further with water, and 
transfer it back info the same beaker, and run in from a burette 



Fig. iO.—Measuring Apparatus : Flasks, Cylinders, 
AND Pipettes. 


sufficient S.S. KOH to dissolve the precipitate. Add phenol- 
phthalein, and neutralize with S.S. sulptiuric acid. 

^ Subtract the amount of acid u*ed in neutralization from that of 
the alkali useJ for effecting solution, the remaining amount of 
alkali being equal to the direct percentage of phosphoric anhydride 
present, each c.c. alkali being equal to i per cent. PjO,, and 
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adoperating upon i gramme of the sample. Thus, supposing 31 c.c. 
of alkali were used to neutralize the free phosphoric acid, the 
actual percentage of PjOj in the sample would be 31 per cent. P2O5. 

Soluble Phosphates in Superphosphates, etc. 

The soluble phosphoric acid is obtained in an aqueous extraction 
of the sample, an aliquot j)art of which is taken, and is jiroceeded 
with as already described for total jdiosphate. 

This process is rapid, occu)>ying less than one hour, and gives 
excellent results, with a tendency, ii anything, to slightly high 
assays. 



CHAPTER V 


ANALYSIS OF SOILS 

Sampling'. —sample should in all cases be t5^)ical of the 
nature of the soil to which it belongs, the method of sampling 
depending upon the subsequent form of analysis, whether geological, 
mineralogical, or agricultural. 



Fig. 17.—Microscope and Accessories. 


Too great care, therefore, cannot, be taken in order to obtain uniform 
samples, as the^analyses of soils are long and expensive. A suitable 
spot having been selected, a square hole of about 18 inches deep 
is dug out with a spade. A sample of 6 to 9 inches deep and 4 inches 
thick, is cut out from one of the sides and laid aside, together with 
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any particles that may have fallen down into the bottom of the hole 
in the cutting. The subsoil is sampled in a similar manner. It is 
advisable to select several places in one field, mixing the subsamples 
thus obtained, and finally return to the laboratory a sample of 
about 10 }iounds weight. 

It is seldom found necessary to take a sample from a depth of more 
than 0 feet or so. In taking such a sample, a special sampling 
apparatus, such as a large special auger, is very useful. 

Samples should inferably be taken after harved and before 
manuring, the nature of debris, stones, etc., and geological forma¬ 
tion being carefully noted. 

The sami)le is broken down on a sam|)ling bench with the fingers, 
and carefully freed from all stones, wood, and insects, the loss in 
weight being found. It is then jiassed through a i-millimetre 
sieve. , 

Physical'Tests — Colour .—The colour of a soil depends largely 
uiwn the amount of organic inatter and iron conijiounds jiresent. 
Soils rich in organic matter are more or less dark when in a moist 
condition. Iron colours soil a red colour. Dark or red soils are 
the most fertile. The colour is best observed when heating the 
sample in an oven up to no" C. 

Specific Gravity.— The true specific gravity ol soils is about 2-5. 
Ten grammes of the dry soil (100" C.) are boiled till air-free with a 
small quantity of water, and introduced into a specific-gravity bottle, 
all particles being carefully transferred with the aid of fresh dis¬ 
tilled water. The Ixittle is filled with water, cooled, and weighed 
as usual. Alcohol may be used in jdace of water in ca.ses where 
there is a water soluble content in the sample. 


Weight of bottle. Y 

Weight of bottle with distilled water at IS'S" C. r 

Weight of water in bottle.r-f 

Weight of sample taken.^ 

Weight of bottle, sample, and water .. ..a 

Weight of sample and water .. .. ■ • a-y 

Weight of water .. .., • • ^ • • • • (»-}')- r 

Weight of water displaced by 10 grammes ample (a - J) - |(« - y) - «} - 8 . 


Therefore specific gravity equals lO’OO-r^ * 

Soil Temperature.— The method of Frear is to arrange a series of 
thermometers in a trench at various depths, varying from i to 24 
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inches, or in rocks from 5 to 7 feet. Readings are taken thrice 
daily. 

Il![echa.nical An&lysis — Sifting .—The soil is passed through a 
series of sieves made by punching circular holes in a sheet of zinc. 
The sieves are placed in the form of a battery, the first sieve having 
holes 2 millimetres In diameter; the second sieve having holes i 
millimetre in diameter ; the third sieve having holes 0'5 millimetre 
in diameter. In some cases the soil is apt to adhere to the sieve, 
so that it requires to be assisted with a little water. 

Chemical Analysis of Soils- —The sample is Jiassed through a 
I-millimetre sieve, and air-dried till constant in weight. Ordinary 
arable soil requires about lour days, rich dark soil alx)ut si.x days, 
and peaty or mossy soils atout twelve days. The sample is then 
examined as to its reaction with litmus, its hygroscopicity, com¬ 
bined water, organic matter, carbon dioxide (existing as carbonates), 
*and the jxirtions soluble and insoluble in acids. 

Reaction. —This is made as— 

1. Water eliminated at ordinary temperatures— i.c., air-dried. 

2. Water ■eliminated at 110° C. 

3. Water eliminated at red heat. 

Ten grammes are accurately weighed out into a shallow dish, 
and dried in air lor several days until constant in Weight. 

Five grammes of the air-dried soil are placed in a shallow platinum 
disband dried in an air-bath at 110° C. for eight hours, cooled in a 
desiccator, and weighed, the operation being repeated until the 
weight is constant, the subsequent heatings extending to on? hour 
eaijh time. Care must be taken to weigh rapidly. The platinum dish 
containing the 5 grammes of soil used in detennining the hygro¬ 
scopic moisture is heated to a dull redness until all organic matter 
is expelled, care being taken not to raise the temperature sufficient 
to volatilize any inorganic salts (alkaline chlorides), cooled, and then 
drenched with a lew drops of a saturated solution of ammonium 
carbonate, dried, and again heated to :;50° C. to expel excess of 
ammonia. 

*rhe loss thus Sustained is due to organic matter, combined water, 
and ammoniacal salts. 

■An alternative method is to heat the residue from (2) in a com- 
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bustion tube, and aspirate the moisture evolved through a series of 
tared U-tubes containing calcic chloride. 

Direct Estimation of Carbon. —Ten grammes of the soil are 
ground in an agate mortar to a very line powder, placed in a flat- 
bottomed dish, and covered with a thin layer of sulphurous acid, 
with constant stirring. The carbonates are I’hus eliminated; the 
dish is then dried, and its contents, when finely ground, are placed 
in a platinum boat, and ignited in a current of oxgyen in a com¬ 
bustion tube about 20 inches long, the front portion of which is 
filled for at least b inches with cupric o.xide. The exit end of the 
tube is drawn out, and is connected with a series of absorption 
tubes. The first tube contains calcic chloride, the second glass 
moistened with concentrated sulphuric acid, and the last two soda- 
lime for the pur|)ose of absorbing the carbon dioxide. 

The combustion is carried out in the usual way, by first heating the 
cupric oxidb 10 a red heat, and passing the oxygen through for some' 
time. 

According to Wolff, the humus in the soil contains 58 per cent, 
carbon. It the percentage of carbon thus found be multiplied by 
1724 ,or 4 he carbon dioxide by o‘47i, the figure obtained represents 
the amount of humus in the soil. 

Estimation of Organic Hydrogen.— The total hydrogen is esti¬ 
mated by ignition in a current of oxygen, and weighing the water 
thus obtained in absorption tubes. This consists of jne-existing 
water and organic hydrogen, the amount of the latter being found 
by subtracting the total moisture (free, hygroscopic, and combined) 
from fhe total water thus produced. 

Estimation of Organic Oxygen. —This is obtained indirectly, by 
calculation, from the oxygen in the proteid and ligneous matters, 
according to the formula of Herthelot and Andre : 

Let p equal the weight of proteids found, 

Then 0 equals ^ 

Let p' equal the weiglit of ligneous matter. 

Then O' equals ^ 

Therefore the total oxygen (approximately) equals Oh- 0 ' 
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Estimation of Humus. —Coarse sand is well washed with acids 
and ignited. It is then intimately mixed with 10 grammes of the 
finely divided soil, and placed in a small funnel, the neck of which 
is filled with small, broken glass. 

The mixture is digested with a small quantity of equal parts of 
ammonia and distilled water for three hours. The alkali dissolves 
the dark matter. The solution is taj)ped off, and the residue further 
treated with distilled waler. The solution is filtered and evaporated 
to dryness in a platinum dish, weighed, and expressed as humus. 
The residue is ignited, and the phosphoric acid determined in the 
ash. 

Estimation of Free Humic Acid. —This is of importance in 
ascertaining the amount of lime required for acid soils. 

Twenty grammes of the finely divided sanqile are digested with 
50 c.c. strong ammonia for two or three days in a warm place. The 
‘bulk is made up to i litre, thoroughly agitated, and allowed to settle 
for twenty-four hours ; 500 c.c. of the .supernatant liquor is acidified 
with hydrochloric acid to precipitate the humus, which is then 
collected on a tared filter, dried, and weighed. It is next ignited 
and the ash deducted from the first weight, thus giving the free 
humic acids freed from inorganic salts. 

Estimation of Carbonates. —Five to 50 grammes of the soil are 
rubbed uj) in a porcelain mortar or basin with freshly distilled water 
into c thin pasty consistency. Alt air is expelled by thorough 
kneading and stirring. The mixture is made up to 300 c.c., and the 
carbon dioxide liberated by the addition of acid is absorbed in 
tared potash bulbs. 

Estimation of the Inorganic Content.— Place 10 grammes of 
the air-dried soil in a round-bottomed flask of 150 to 200 c.c. capacity; 
add 100 c.c. pure hydrochloric acid (specific gravity, I'li); cork 
the flask, and wire it down securely ; digest it for thirty-six hours 
on a water-bath at 100“ C.; filter, and wash well with hot water. 
The residue is that iiortion insoluble in hydrochloric acid. To the 
filtrate add a few drops nitric acid, and evaporate to dryness on the 
water-bath; treat the residue with hot water containing a few drops 
of liydrochloric atid, and again evaporate to dryness. Repeat the 
treatment wdth the hydrochloric acid water, and filter into a litre 
flask, washing the precipitate with hot water. Cool, and make up 
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to I litre. The precipitate is the silica. This is Solution A. Take 
100 to 200 c.c. of Solution A, and add ammonia till alkaline. Expel 
excess ot alkali by boiling, settle, decant through a filter, and wash 
by repeated decantations with hot water, passing the solution 
through the filter each time. Dissolve the precipitate in the beaker 
in the smallest jiossible quantity ot warm hydrochloric acid, and add 
sufficient ammonia to precipitate the o.xides of iron and alumina only. 
Again wash by decantation with hot w.ater, and finally pour all the 
jirecipitate upon the filter, washing it t ill tree from chlorine reaction. 

The combined filtrates and washings are set aside as Solut ion B. 

Dry the filter and contents at ilo° C., and ignite them apart in a 
platinum crucible at a red heat ; cool and weigh. This represents 
the oxides of iron and alumina and phosphoric acid. 

Ferric Oxide .—Precipitate the iron as above in a fresh iiortion of 
100 c.c. of Solution A by heating with ammonia. Filter, wash with 
hot water,’ dissolve in dilute sulphuric acid, reduce to the ferrou.s 
condition with zinc, and titrate with a standard solution of potas¬ 
sium peniianganate. Calculate to tcrric oxide. 

Alumina .—Deduct the calculated weight of ferric oxide, filter 
ash andtphosjihoric acid as found below from the combined pre¬ 
cipitate found above to obtain the weight of alumina. 

Phosphoric Acid .—This is estimated in the iron solution by the 
ammonium molybdate method. 

Manganese.—■CxomwA.n.i.o. the combined filtrates and washings 
fonning Solution B to at least 200 c.c.,render alkalincwith ammonia, 
oxidize with a drop of bromine, and heat to lioiling in a flask. The 
man|;anese thus precipitated is allowed to settle, is filtered whilst 
still warm, washed well with hot water, dried, ignited, and weighed 
as oxide. 

Lime. —^I'o the filtrate from the manganese add 20 c.c. strong 
ammonium chloride solution and 40 c.c. saturated ammonium 
oxalate. Heat to boiling, allow to settle, filter, and wash Jry decan¬ 
tation with hot water, finally transferring all the precipitate to the 
filter, and washing it till free from chlorides. Dry, ignite, and 
weigh as oxide. 

Magnesia .—Concentrate the combined filtrrfies and washings 
from the lime to at least 200 c.c.; make alkaline with ammonia 
(about 20 c.c.), and add slowly and with constant stirring 30 c.c. 
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of a saturated solution of sodium phosphate; stir vigorously and at 
intervals, and Ihen allow to stand over for twelve hours. Filter; 
wash thoroughly with ammonia water (l : 3) till free from phos¬ 
phate ; dry, and ignite first at a gentle heat, and ultimately at a 
white heat ; cool, and weigh as magnesium pyrophosphate. 

Magnesium pyroi)hos])hate multiplied by 0'36203 equals MgO. 

Sulphuric dfiW.—Evaporate 200 c.c. of Solution A to nearly dry¬ 
ness on the water-l)ath. Take u]) in a small quantity of distilled 
water, and add to c.c. of barium chloride solution. Boil for at least 
five minutes, allow to settle, fitter, and wash with hot water till 
free from chloride : dry and ignite strongly; cool, and weigh as 
barium sulphate. Weight of ])recipitate multiplied by 0'3433l 
equals sulphuric anhydride in the soil. 

Potash and Soda .—To a fresh jjortion of 200 c.c. of Solution A 
add barium chloride in slight e.xcess, render alkaline with ammonia, 
and thus preeijutate the sulphuric acid, ferric o.xide, etc. Pre¬ 
cipitate the lime and barium with ammonium carbonate; evapo¬ 
rate the filtrate and washings to dryness, ignite at a dull red heat 
to expel ammoniacal salts, dissolve in a small quantity of distilled 
water. Filter, and wash precipitate. Combine filtrate aSid wash¬ 
ings, add TO c.c. barium hydroxide, and digest for at least one 
hour. Filter, wash precipitate, add ammonium carbonate to 
ensure complete precipitation of the barium, filter, and wash. 
Evapoiat(> the filtrate and washings in a tared platinum dish, 
ignite gently to expel ammoniacal salts, cool, and weigh the com¬ 
bined chlorides of potassium and soda. Estimate the potassium, if 
necessary, by precipitation with platinic chloride. 

Examination of the Soil Insoluble in Hydrochloric Acid.— The 
portion insoluble in hydrochloric acid is washed with hot water till 
free from acid reaction by decantation, the residue is transferred 
to a porcelain dish, dried, and weighed till constant in weight. 
The mass is thoroughly mixed, and a weighed portion is ignited in a 
platinum crucible. Two grammes are then taken in the crucible, 
and mixed with 12 grammes of ammonium, fluoride, with the aid of 
a glatinum rod, and gently heated over a Bunsen burner or in a 
small muffle for one hour. Moisten with 2 c.c. sulphuric acid, 
driving off excess of acid at a low temperature. Treat with hydro¬ 
chloric acid water, and transfer to a 500-c.c. flask; oxidize thoroughly 
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with nitric acid ; cool, and make up to 500 c.c. Proceed to estimate 
the constituents as in the portion soluble in hydrochloric acid. 

Method of Estimating Phosphoric Acid in Soils (Carnot).— 
Ignite 10 grammes of the soil, to free it from organic matter; cover 
with wafer, and then add nitric acid (100 c.c.), and digest at about 
100° C. for two hours, with frequent stirring and additions of small 
quantifies of acid. Filter, wash with hot water, and concentrate the 
combined filtrates and washings to 50 c.c. Add 5 c.c. concentrated 
nitric acid and 0'5 gramme solid chromic acid. Cover dish with a 
funnel, and continue boiling for thirty minutes. Add 5 grammes 
ammonium nitrate, and Ihen 50 c.c. ammonium molybdate, and 
allow to stand for one hour at about 100'" C. Wash twice by decanta¬ 
tion with ammonium molybdate water (i : 5). Dissolve in 30 c.c. 
dilute ammonia (i : i). The combined filtrate and washings, 
which should now mea.sure 80 c.c., is neutralized w'ith nitric acid,^ 
ind the temperature kept well below 40° C. SI ir well, and when the 
,rellow precipitate ceases to dissolve add 3 c.c. nitric acid and 5 c.c. 
vater, and a like volume of molybdate solution. Filter, wash with 
litric acid wafer (l : 100), and then with water, dry, and weigh till 
:onstant!' Weight of precipitate multiplied by 0-0373 equals 
phosphoric acid. 

Estimation of Chlorine (Wolff).—Macerate joo grammes of the 
soil with 900 c.c. distilled wafer, acidified with a little nitric acid, 
with frequent shaking, for forty-eight hours. Filter off 500 c.c., 
and concentrate this to 200 c.c. Precipitate the chlorine by silver 
nitrate. 

Estimation of Nitrogen.—(i) Nitrogen as nitrates or nitrites ; 
(2) nitrogen as ammonia; (3) nitrogen inert (humus). Place 
100 c.c. mercury in a 500-c.c. flask, and cover it with a thin layer of 
paraffin. Add in small quantities at a time, and with the greatest 
care, 6-75 grammes sodium. The resulting amalgam will contain 
0-5 per cent. Na, and is stored under the paraffin layer. « 

Triturate 50 grammes of the air-dried soil in a mortar with 200 c.c. 
ammonia-free distilled wnter, and convey the thin paste into a litre 
flask. Add 25 c.c. of soda amalgam, and disseminate the amalgam 
thoroughly throughout the solution by vigorous .shaking. Close 
the flask, and allow to stand in the cold for twenty-four hours. 
Add 50 c.c. calcic hydrate, and distil over 100 c.c. into 20 c.c. deci- 
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normal sulphuric acid. Titrate with decinormal soda, using methyl 
orange as indicator, or, if the amount is small, Nesslerize. 

Total Nitrogen .—This is estimated by the Kjeldahl method {q.v.). 
The soil is treated in a pear-shaped flask with 3 grammes benzoic 
acid and 40 c.c. sulifliuric acid, with occasional agitation. One 
gramme each copper sulphate and mercuric oxide are then added, 
and after a little, 10 to 20 grammes potassium sulphate. The 
heating is continued in the usual way, and the nitrogen distilled in 
the form of ammonia. The amount of nitrogen thus found by using 
benzoic acid closely corresponds with that obtained by the soda- 
lime process. Fifteen grammes air-dried soil are mixed with a little 
sugar and 30 grammes powdered soda-lime, and gently heated in the 
furnace up to a red heat. The ammonia is absorbed in bulbs con¬ 
taining acid, the contents of which are subsequently distilled with 
excess of .soda by Kjeldahl’s process. 

Analysis of Limestone, Marl, Incrustations, etc.— Tlic chief 
constituents of limestone arc carbonates of lime and magnesia; 
other lesser constituents arc silica, ferric oxide, iron pyrites, alu¬ 
mina, alkalies, and organic matter. 

Moisture and Organic Matter and Combined Water .—^These are 
estimated by drying, and igniting at a low red heat. 

Silica .—Dissolve l gramme in dilute hydrochloric acid, evaporate 
to dryness, bake, and boil up the residue with a fresh addition of 
dilute acid ; wash well with hot water, adding the washings to the 
filtrate ; dry, ignite, and weigh as silica. 

Ferric Oxide and Alumina .—These are precipitated, together with 
ammonia, after oxidation with nitric acid, in the filtrate from the 
silioa, washed, dried, ignited, and weighed as such; or they may 
be separately estimated as under soils. 

Lime .—To the filtrate from the iron and alumina add ammonium 
oxalate in excess, then a little ammonia, and boil. Allow to settle, 
filter, wash well, dry, ignite, and weigh as CaO. . 

Magnesia .—Evaporate the filtrate and washings from the lime to 
small bulk, cool, acidify with hydrochloric acid, add sodium phos¬ 
phate solution in excess, as well as ammonia; stir well, and allow 
to stand for twefve hours; filter, wash with cold ammonia water, 
dry, and ignite at a white heat. Weigh as magnesium pyrophosphate, 
which weight, multiplied by 0'36203, equals magnesia (MgO). 
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Alkalies .—^Thoroughly mix i gramme of the sample with 
I gramme ammonium chloride, and heat at a bright red heat tor an 
hour in a platinum capsule. Boil uj) the capsule and contents in 
about 200 c.c. water, and filter. Add slight excess ammonium 
carbonate, boil, and filter. Evaporate to dryness, heat to dull 
redness, redissolve in 20 c.c. water, add ammonium oxalate and 
ammonia in slight excess, boil, and filter. Acidify filtrate with hydro¬ 
chloric acid, and evaporate the alkaline chlorides to dryness; 
ignite at a dull red heat; weigh. Dissolve the chlorides in a little 
water, add platinic chloride in excess, and evaporate to dryness. 
Treat with alcohol, filter, wash, and dry contents in a tared filter. 
Weigh as jxitassium plat inic chloride, which, when multiplied by the 
factor 0'I93()7, ecjuals iiotassium oxide (K.. 0 ). Obtain the sodium 
by difference, by deducting the ])0tas.sium as chloride from the 
weight of the mixed chlorides; this figure, multiplied by the factor 
0'53083, eqtials sodium oxide (Ka.jO). 

Sulphates .—Dissolve 5 grammes of the finely powdered sample 
in 30 c.c. nitro-hydrochloric acid (i : 3), evajxirate to dryness, 
and bake. Digest the mass with hydrochloric acid, dilute, filter, 
and wash. Add to the filtrate, which should not exceed 200 c.c., 
a slight excess of barium chloride ; boil for about twenty minutes, 
allow to settle for twelve hours, filter, wash with hot water till free 
from chlorides, dry, ignite, and weigh as usual as barium sulphate. 

Carbonic Acid .—Determine this by difference in the usual way, 
using either a Schrotter apparatus or a series of U-tubes. 



CHAPTER VI 

PHOSPHATIC MANURES 

Sampling. — Dry samples should lx; ground or clioiiped, and 
passed through a sieve having circular perlorations i millimetre 
in diameter. Moist samples, too |>asty tor sieving, should simply 
be carefully mixed up with tlie aid of a flexible steel spatula. All 
samples should be preserved in wide-mouthed bottles for at least 
• throe or tour montlrs. 

Estimation of Total Phosphoric Acid.— Take 2 grammes of the 
samjile in a beaker covered with a clock-glass, add about 5 c.c. water, 
and then, cautiously, a .small quantity of hydiochloric acid. Boil 
to e.xpel all carbon dioxide. Add 20 c.c. aqua regia, and digest on 
the sand-bath till all but the silica and insoluble matter has dis- 
.solved. Filler, wash the precipitate with hot water, and make 
the cold filtrate uji to 200 c.c. Take of this for each estimation 
50 C.C., add 50 c.c. molybdate solution, and allow to stand on the 
top ot the water-oven (at a temperature of alxmt tis" C.) for at lca,st 
one hour. Filter, washing the jirecipitate by decantation with 
ammonium nitrate solution. Dissolve the precipitate in ammonia- 
water, and add excess of magnesia mixture, with constant stirring. 
Add a further 30 c.c. ammonia (the solution will now amount to 
about 200 c.c.). Stir every fifteen minutes lor two hours, and then 
allow to settle, or simply stir vigorously, and allow to settle over¬ 
night. Filter, wash well with ammonia-water. Dry, ignite at first 
very gently, and finally at a white heat in a platinum capslile. 

If the precipitate is small, it may be placed in the capsule in the 
wet condition, and ignited without being first dried. 

ifolybdic solution *.. ., Molybdic acid, 200 grammes. 

Ammonia (specific gravity, 880), 400 c.c. 

Nitric acid (specific gravity, 1*20), 1,250 c.c. 

Allow to settle, and filter off any precipitate. 
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Magnesia mixture .. .. Magnesium chloride, i lo grammes. 

Ammonium chloiide, 280 grammes. 

Ammonia, 700 c.c. 

Make up to 2,000 c.c. with distilled water; 
allow to stand several days before use, and 
decant off from any precipitate. 

Ammonia wash-water .. Ammonia (specific gravity, 880), 100 c.c. 

Distilled water, 6cx) c.c. 

Moisture and Organic Matter.— Take 2 grammes in a tarcd 
platinum capsule, dry in oven at 105° C. till weight is constant, 
ignite over a Bunsen burner, and finish over the blow-pipe or in the 
muffle for a few minutes. Repeat this ignit ion until the W'eiglit is 
constant. 

Estimation of Carbon Dioxide.— Take 2 grammes, and estimate 
the loss in weight in a Schrotter apparatus, using hydrochloric acid. 

Estimation of Insoluble Matter.— Take 2 to 5 grammes, and 
digest with'aqua regia on the sand-iiatii. Filter, wash with hot * 
water. Dry, and ignite residue. Calculate as insoluble matter. 
The total phosjihate may be estimated in this filtrate and washings. 
The ignited residue is fused with fusion mixture, dissolved in dilute 
hydrochloric acid, filtered, waslied with water, tlie precipitate 
ignited and weighed as silica (SiO.). 

Estimation of Iron and Alumina.- Take 50 c.c. of the solu¬ 
tion in aqua regia, add ammonia in decided excess, redLssolve in 
hydrochloric acid, again render alkaline with ammonia. Add 50 c.c. 
concentrated acetic acid, stir well, allow to cool and settle. Filter, 
wash with hot water. Dissolve the precipitate in hot dilute hydro¬ 
chloric acid, make alkaline wifh ammonia, and again reprecipitate 
with acetic acid. Filter, wash precipitate with hot water, dfy, 
ignite, and weigh tlie combined pliosphates of iron and alumina. 
Redissolve the ignited precipitate in hydrochloric acid, make up to 
100 c.c. with water, and estimate the iron by titration as usual. 
One-hay of the ignited precipitate may, with convenience( be as¬ 
sumed as equal to the combined weights of iron and aluminium as 
oxides. _ 

The aluminium may be estimated by difference, the amount of. 
phosphoric acid having been ascertained. * 

Esymation of Lime and Magnesia.— To the combined filtrate 
and washings from the iron and alumina estimation a.n excess of 
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ammonium oxalate is added, and the solution boiled gently for two or 
three minutes, allowed to settle, filtered, washed with hot distilled 
water, dried, ignited, and weighed as CaO. To the filtrate and 
washings from the estimation of the lime add ammonia in very 
slight excess, cool well, and then add sufficient sodium phosphate 
solution to precipitate the magnesia. Stir frequently, allow to 
stand overnight, filter, wash with ammonia water, dry, ignite, first 
gently and ult imately at a white heat; weigh as magnesium pyro¬ 
phosphate. 

Estimation of Sulphates.— A suitable pwrlion of the original 
solution may be taken, and the suli)huric acid preci})itated in the 
usual manner with barium chloi ide. 


Technical Determination of Phosphoric Acid. 


List of Reagents employed. 


Molybdate solution.. 

Concentrated ammonium ni¬ 
trate solution 

Magnesia mixture .. 

2*5 per cent, ammonia 
Jowlie's citrat'j solution .. 
Wagner’s citrate solution .. 

Sodic ac%tate solution 

Calcium phosphate solution 


Pure molybdic aciil, no grammes. <li«.solved in 
ammonia (specific gravity, 0-90) ; add water 
up to i.oof) c.c.; pour this solution into a 
litre of mtric acid (specific gravity, l’2). 
.■\IIou’ to stand a few da\'s, then filter for use. 

• 

Pure ammonium nitrate, 750 grammes. 

Water up to i,o<.k> c.c. 

Magnesium chloride, 55 grammes. 

Ammonium chloride. 70 grammes. 

Ammonia (specific gravity, 0*90), 130 c.c. 

Dissolve and make up to a litre with water. 

Ammonia (specific gravity, 0*90), 100 c.c. 

Water up to a litre. 

Citric acid, 400 grammes, dissolved in ammonia 
(specific gravity, 0*90), and diluted to a litre. 

Citric acid, 150 grammes, exactly neutralized 
with ammonia ; then add 10 grammes citric 
acid : dilute with water to a litre. 

Crystalline sodium acetate, lOO gramwies, dis¬ 
solved in water; add 100 c.c. acetic acid, 
and make up to a litre with water. 

Dissolve about 10 grammes pure dry tribasic 
calcic phosphate in nitric acid, and make up 
to a litre with water ; estimate the phosphoric 
acid in this gravimetrically with molybdate, 
and mark the value on the flask. 
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Titrated uranium solution.. Dissolve 250 grammes uranium nitrate in 
water; add 25 grammes sodium acetate, 
(lilnto to 7,000 c.c. One c.c. of this solution 
equals 0-005 gramme r\,0.. To determine 
Its exact strength, proceed as described under 
volmnetnc analysis, using 25 c.c. of the 
above S.S. calcic phosiphatc. 


Estimation of Phosphoric Acid in Phosphates and 
Superphosphates. 

Total Phosphoric Acid. —Take 5 grammes, cover with water, 
add 30 c.c. hydrochloric acid, and digest on the sand-bath till all 
has nearly evaporated, and the contents exhibit a characteristic 
siliceous, jelly-like apjrearance. Cool, add hot water, agitate. 
Make up to 500 c.c., and filter off 50 c.c. ; to this filtrate add 15 c.c. 
Joulie’s soluition. Stir well at intervals, allow to stand tor some * 
hours, preferably overnight. Filter. Wash witli ammonia-water 
(i : 0). Dry, ignite, and weigh as magnesium jiyrophosphate. 

Citrate Soluble Phosphoric Acid.— Place i gramme in a loo-c.c. 
flask, and,add 30 c.c. Wagner’s citrate solution and 30 c.c. water; 
warm the flask to about 40''’ C., and agitate well lor an hour. Make 
up contents of the flask to 100 c.c., and filter off 50 c.c. In this 
filtrate precipitate the phosphates as described above with magnesia. 
Dissolve the precipitate of magnesium ammonium ])hos])hate in a 
small quantity of nitric acid, neutralize with ammonia, add acetic 
acid in excess, and finally titrate the phosphoric acid with S.S. 
uraniifin acetate. 

Estimation of Phosphoric Acid in Superphosphates (Water 
Soluble). —Take 20 grammes of the superphosphate, grind uj) in 
a mortar with, first, 150 c.c. water, pouring the clear lolution off 
through a filter into a litre flask; then rciieat this treatment with 
100 c.c, and 50 c.c. water in a beaker. Filter, transferring all to 
the filter. Wash well with water. Cool filtrate, and make it up to 
1,000 c.c. Shake up well. Take an aliquot part, and precipitate 
the phosphoric acid in a beaker with magnesia mixture. Wash, 
ignite, and weigh the jiyrophosphate in the usual manner ; dissolve 
it in a small quantity of nitric acid, render alkaline with ammonia, 
add sodic acetate, and titrate as u.sual with S.S. uranium acetate. 
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Estimation of Potash. 

Of the potassium salt about 07 gramme is taken for analysis. 
Take 35 grammc.s of “ muriate,” dissolve in a small quantity of 
water, filter into a 500-c.c. flask, and make u]) to the mark. Use 
10 c.c. (equal to 0*7 gramme). Take ly’fi grammes of sulphate, 
proceed as before mentioned, and use 20 c.c. Place the aliquot 
part in a })orcelain basin, dilute to 25 c.c., and slightly acidify with 
hydrochloric acid. Add about 30 c.c. jilalinic chloride (about 
10 per cent.), and evaporate over a water-bath to dryness. Drench 
with a few c.c. of jdatinic chloride, stir well, and allow to settle for 
some f ime. Filter through a small filter, washing out the basin with 
a few drops of the plalinic chloride. Then wash dish, filter, and 
contents with a minunuiu quantify of 95 jier cent, alcohol, and dry 
at ioo‘ C. Transfer the i)recii)itate to a tared porcelain crucible, 
• complete the drying, and weigh. Ignite the filter r^ith any ad¬ 
hering precipitate on the crucible lid, and multi])ly the residue by 
l'4i, aft(‘r deducting the weight of the ash. 

Sidphates and nitrates do not require removal by this process, 
nor does magnesia, if ])rcsent, interfere. 

KoPtCl,, X 0'.505G =KC1. 

KjPtCl,, X 0-1931 -^KjO. 

Rapid Control Method for Potash Salts (Albert). 

Place the finely ground substance in a litre flask, add about 400 c.c. 
water and 3 c.c. hydrochloric acid ; add barium chloride drop by 
drop as long as a precipitate is produced. Cool, make up to mark, 
shake, filter through a dry filter. Evaporate an aliquot part to 
almost dryness, and treat the mass with alcohol. Filter through 
a tared filter, and wash well with alcohol. Dry filter in oven till 
constaitt in weight. 

Kainit or Carnalhte 20 grammes in 1 litre; of that 50 c.c. with 40 c.c. PtC^. 

Weight of K^PtCl^x l9-»3 = per cent. K^O. 

Sulphate of potasl^.. 15 grammes in 1 litre; of that 20 c.c. with 15 c.c. PtCl^* 

W'eight of I'tKjCljX 64-33=per cent. K^O. 

Chloride of potash .. 10 grammes in i litre; of that 25 c.c. with 15 c.c. PtCl^. 

Weight of KjPtCl,. x 77-2 =per cent. KjO. 
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Recovery of Platinum from Platinum Waste, 
Precipitates, etc. 

The residues and filtrates, etc., are Ixiiled with excess of soda 
solution in a porcelain basin. Methylated spirit is added, and the 
liquid again boiled, when reduction takes jdaeff, the completion of 
which is observed when the platinum black falls to the bottom. 
Decant off the clear liquid, and wash the residue first with a little 
dilute sulphuric acid, and then with water, till the washings are 
clear. Add to the residue about twice its bulk of hydrochloric 
acid, and boil; dilute, filter, and wash with hot water. Dry and 
ignite in a porcelain crucible, cool, and weigh. Boil the dried residue 
with pure nitric acid, and wash till free from acid. Dissolve in 
aqua regia (jHCl: iHNOg), and evaporate the solution twice with 
dilute hydrochloric acid and once with water. Take up in as 
much water,as will yield a solution containing 6 to lO percent, 
metallic platinum. 



CHAPTER VII 


ESTIMATION OF NITROGEN 

The Soda-Lime Process (Will and Varrentrap). 

This process consists in decomposing the nitrogenous substance, 
intimately mixed with soda-lime, at a red heat, thereby generating 
ammonia gas, which is absorbed by a known quantity of S.S. 
•sulphuric acid, with subsequent estimation of the amount of acid 
thus neutralized by titration with S.S. soda hydrate. 



Fig. i8.—Combustion Furnace. 

• 

The combustion is carried out in a hard glass or iron tube, J inch 
internal diameter, sealed at one end, and^ionnected with a suitable 
absorption vessel. 

The quantity *operated upon may vary from 0‘3 gramme, as in 
the case of pure urea, to 2 grammes in the case of nitrogenous 
manures. 
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The lower or closed end of the tube is loosely packed with a little 
recently ignited asbestos, and then a little fine soda-lime is intro¬ 
duced. The substance, having been accurately weighed out, is 
placed in a mortar, and thoroughly mixed with a small quantity 
of the soda-lime, the mortar being rinsed out wjith fresh granulated 
soda-lime. The mixed sample is then transferred, together with 



Fio. 19 .—Esiim.^iion of Nitrogen : Kjeldaul Process 
(Digestion 1 'lasks). 

the rinsings, into the tube by means of a funnel, and the tube 
filled up to within 4 incties of the open end with soda-lime, and 
covered with a slightly pressed i-inch layer of asbestos in the forni 
of a plug. Now connect on the Will and Varrentrap bulb by means 
of a tightly fitting cork, and place the tube in its place in the com¬ 
bustion furnace, coveriiig it up with the tiles. Next light the 
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burner next to the open end, and wait until all the gas has been 
evolved. As soon as this is effected proceed likewise with each 
burner in turn until the whole tube is heated. Continue the heat¬ 
ing at a red heat until all bubbling of gas in the acid lues ceased. 
Disconnect the bulb, and transfer the acid to a beaker or flask, 
rinsing it out two or three times with distilled water. Add a few 
drojis of methyl orange, and titrate back to neutralization with 
quintinonnal sodium hydrate. 

If seminormal sulphuric was used, muUi|>ly the number of c.c. of 
quintinonnal soda used in neutralizing the remaining free acid by 
2'5. and subtract this Irom the number of c.c. of seminormal acid 
iriginally taken, when the remainder will rejiresent the amount 
leutralized by the ammonia. Twenty c.c. is the usual amount 
if seminormal acid em])loyed in this estimation. 

From this the percentage ot ammonia and nitrogen is obtained 
ly referiiice to the tables given. . 


The Sulphuric Acid or Kjeldahl-Gunning- Process. 

Tliis process consists in decomposing the nitrogenous^substance 
by nitrogen-fice sulphuric acid in presence of potassium sulphate, 
whereby the nitrogen in the lorm of ammonia is converted into 
sulphate, and suhseqnently distilled with excess of alkali, and 
absoibed by a known quantity of standard sulphuric acid. 

It is necessary that a blank cxiieriment be carried out whenever 
fresh material is used. The acid should be nitrogen-free. A strong 
solution of sodium hydrate—say 360 grammes per litre—is prejiared, 
atyd the necessary excess quantity ascertained by experiment, this 
quantity being strictly adhered to in all subsequent estimations. 
The potassium suljihate should be pure and anhydrous. 

Process .—Weigh out accurately i to 2 grammes of the sample, 
and pl^ce it in a long-necked, pear-shaped Jena glass flask^ These 
flasks are stocked for this purpose. Add 20 c.c. of the sulphuric 
acid, and heat gently over an Argand burner in the fume cupboard 
till all violent action has ceased. Rapidly transfer by means of a 
l^aper funnel i(f grammes of the potassium sulphate, and continue 
the heating until the contents have assumed a pale straw tint, or, 
if possible, a white colour. 
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Cool, add a little water, and transfer the solution to the distilla¬ 
tion flask, rinsing out the oxidation vessel several times.. The 
contents of the -distillation flask should now measure about 150 c.c. 
Measure out the requisite quantity of alkali, and quickly run it 



Fig. 20.—Estimation of Ammonia; Kjeldaiil Process. 


into the flask. Boil for about half an hour, or until all the ammonia 
has been driven over into the receiver. This being accomidished, 
next titrate the contents of the receiving flask as described in the 
soda-lime method. 

Nitrometer Method for Nitrates. 

this IS described under.Water Analysis. 







CHAPTER VIII 


ANALYSIS OF FEEDING-STUFFS 

Food-stuffs of a vegetable character may be examined qualita¬ 
tively, as to their condition and purity, or quantitatively, the usual 
quantitative course consisting in the detennination of moisture, 
ash, other extract, protcids, total carbohydrates, and crude fibre. 


Quantitative Analysis. 

■ Moisture. —From 2 to 3 grammes of the finely ground sample 
are sjiread out on a tared platinum or porcelain dish or wa^h-glass, 
and dried for five hours in the water-oven. 

Ash. —^The above dried residue is gently ignited to whiteness at 
a low red heat, cooled, .and weighed. 

Silica. —The ash is transferred to a small beaker with the aid 
of a little dilute hydrochloric acid, digested on the water-bath, 
■filtered, and well washed with hot water. The wet filter and con¬ 
tents is then ignited directly, cooled, and weighed. * 

Ejher Extract (Oil). —Place 2 to 3 grammes of the dried sample 
in a Soxhlet thimble, and extract with anhydrous alcohol-free ether 
for from two to six hours, dejjending upon the nature of the sample 
—^il-cakes, for example, usually require two hours. 

Total Carbohydrates. — These are generally approximately 
obtained by difference. 

Crude (or Woody) Fibre.— Extract the residue from the deter- 
inination of the. ether ext act in a 500-c.c. beaker with 30 c.c. 
5 p*er cent, sulphflric acid and 75 c.c. water by boiling gently for 
half an hour. Allow to settle, after having filled up with cold 
water, and decant the supernatant liquid through a piece of clean 
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muslin, washing back any particles that may have come over on 
to the cloth. 

Add 50 c.c. 5 per cent. KOH and 75 c.c. water, and again boil for 
half an hour, making the volume up as before with cold water, and 
filter through a tared filter. Wash three tipics with hot water, 
once with dilute hydrochloric acid, once with water, and finally 
once each with alcohol and ether. Diy and weigh, and deduct the 
weiglit of the ignited fibre and filter ash from the weight thus 
obtained ; the loss in weight is the crude fibre. 

Albuminoids.— Determine the nitrogen on i to 2 grammes of the 
sample either by the soda-lime or Kjeldahl jiroccss, multiply the 
percentage thus formed by the factor 6-25, and thus obtain the 
percentage of albuminoids. The tactor (rz^ is a general or average 
one, various cereals having their own special numbers. 


Examination and Estim.\tion of the Carboiiydr.ates. 

Starch (CjHioOj),,.—Starch occurs in plants in various propor¬ 
tions at different stages of their develo])nient. Starch is insoluble 
in cold water, alcohol, or ether; soluble in hot water, with change ; 
and is hydrolized by boiling with dilute acids first into dextrin and 
maltose, and finally into dextrose. 

Starch may be detected by testing its cold solution with a few 
drops of iodine, when a characteristic blue colour will be produced 
if it is present. When present in minute quantities, this reaction 
ma^ be, with convenience, carrieil out under the microscope. 

Starch granules differ in their form, size, and distribution when 
viewed through the microscope, either with normal or polapzed 
light, according to their origin. 

The student should therefore accustom himself to the morpho¬ 
logical identification ol the various starches by first preparing a 
series,of slides, mounted either in water or glycerin, from samples 
of known purity, including, amongst others, wheat, barley, rye, 
com, oat, pea, bean, rieg, potato, and arrowroot. 

Estimation of Starch —Direct Acid Conversion.—Thi^ method 
is fairly accurate in cases where there are very litfle insoluble carbo¬ 
hydrates (hemicellulose, pentosans), as such bodies are also con¬ 
verted into sugar by the action of the acid. 
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Treat 2 to 3 grammes of the fat-free sample with 20 c.c. hydro¬ 
chloric acid and 200 c.c. water by boiling under a reflex condenser 
for three hours. Cool, neutralize with sodium hydrate, filter if 
necessary, and estimate the de.xtrose either by Fehling’s solution 
or in the j)olarimeUT. Calculate the dextrose into starch by the 
factor O'p. 

Diastase Conversion ,—This method is more accurate than the 
abov’o, and the hemiriillulose is unaltered, the reaction being 
exintssed according to the equation— 

I2 C,;Hiii 05-tqH/)-qCijfLjOii f zCtoHajOjo. 

SljrLli. M.illosc. Dcxlriti. 

C.i.,H,.Ai+H ,0 -2 C„HiA- 

Maltose. Dextrose. 

c,ji.a),„+2H/)=2C„h,A.- 

I )e\trin. Dextrosi;. 

Macerate 20 grammes jiowdei'ed malt with 100 c.c. water for 
several hours, filter, destroy iurther growth by adtling a lew drops 
of chloroform, and estimate the rlextro.se in this extract obtained 
by treating a known quantity as above with acid. * 

Heat 2 to 3 grammes of the fat-fiee samifle in a 250-c.c. flask 
with 50 c.c. water until the starch gelatinizes. Cool to 55” C., add 
40 c.c. of the above malt extract, and allow to stand at that tem¬ 
perature until all the starch is converted. This may be determined 
by testing a drop of the solution with iodhie. Dilute to 250 c.c., 
filter off 200 c.c., to which add 20 c.c. hydrochloric acid, and beat 
on the water-bath under a reflex condenser for three hours. Cool, 
neutralize with sodium hydrate, and estimate the dextrose as in 
the “ acid conversion ” process, deducting the amount of dextrose 
present in the quantity of malt extract used. 

Cellulose. —This is insoluble in water, alcohol, or ether, but 
readily soluble in Schweitzer’s reagent (ammoniacal cupri# liy- 
droxide). Cellulose becomes blue in colour when treated with 
sulphuric acid and iodine in jxrtassic iodide, and violet with zinc 
chlcjriodide. , 

Pentosans. —^These are insoluble carbohydrates, or “ hemiccllu- 
lose,” capable of direct acid conversion into pentose sugars. The 
hexosans are similarly hydrolized into hexose sugars (mannose, 

6-2 
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galactose, etc.). These compounds may be conveniently estimated 
by boiling the residue from the malt extract starch determination 
with 100 c.c. I per cent, hydrochloric acid, filtering, washing with 
water, and estimating the sugar in the filtrate in the usual manner. 
The results may be expre.ssed in terms of tli^ir principal sugar— 
viz., xylose. 

Xylose X o'88= xylan. 

10 c.c. Fehling solution 0-046 gramme xylose. 

Cane-Sugar. —Extract 50 to 100 granunes of the sample with 
300 to 500 c.c. 05 ]>er cent, alcohol under a reflex condenser for 
three hours, filter, eva]-)orate to small bulk, and filter off from any 
oily matter after dilution with water. Estimate the sugar as 
cane-sugar (sucrose) in a jjortion of this filtrate with Fehling’s 
solution after inversion with hydrochloric acid. Determine the 
reducing s\igar, dextrose, if present, in another portion of the same 
filtrate. 

Dextrin. —Digest the above residue from the sugar determina¬ 
tion with 300 to 500 c.c. cold water for twenty-four hours with 
frequent^ shaking. Filter, invert with acid, and determine the 
sugar thus formed with Fehling’s solution. 

Albuminoids. —See chapter on Proteids, etc. 

Gluten in Flour. —Knead to a paste 30 grammes of the sample 
with water, an,el strain off the starch through a fine muslin or silk 
bag. Wash thoroughly free from starch under water, compress 
into a ball, wipe dry, and weigh. 

(Irass and Hay. 

Moisture. —Counterpoise two large filter-pajiers, the one against 
the other, on a large precision balance, sensitive to 0-005 gramme. 
Weigh out 20 grammes hay or 50 grammes grass, and dry with 
both fapers in the water-oven till no further loss in weight is found. 
The dried sample is then bottled and termed '■ dry matter.” 

Woody Fibre.— This* is estimated as already described under 
feedSig-stuffs. Any green colouring matter retained in the §bre 
after extraction may be removed by soaking for an hour, first with 
alcdlfol and then with ether. Deduct the weight of the ash from 
that of the dried fibre. 



ANALYSIS OF FEEDING-STUFFS 


85 


Crude Fibre. —Macerate a suitable weighed quantity in a large 
beaker with cold water, first for twenty-four hours, secondly for 
three hours, and lastly for one hour, carefully decanting off the 
liquid, and adding fresh water each time. Then boil four times 
with four volumes o^ water. Extract the oil and colouring matters 
with alcohol and ether as above described, dry and weigh. Store 
this cnide fibre in a Iwttle. 

“ Dry Matter ”— Total Nilrof^cn. —Estimate this in 2 grammes 
of the tborougbly dry substance by the Kjeldahl process. 

Total Albuminoids. —Macerate 2 grammes of the matter with a 
4 per rent, aqueous solution of carbolic acid, containing a drop or 
so of mcta])hosi)horic acid, for twenty-four hours. Decant through 
a tared filter, and digest at boiling-jioint with a fresh quantity of 
the carbolic acid, filter, wash with the carbolic acid solution, and 
dry. 

In this way the amides are eliminated, and the albuminoids are 
coagulated and retained in the filter. 

Estimate the nitrogen in the dried residue, and express as albu¬ 
minoids (==N x6’25). 

TnUil Ash. —Carefully ignite 2 grammes of the dry matter in a 
platinum capsule. 

“ Crude Fibre ”— Insoluble Albuminoids. —Estimate these on 
2 grammes as in the “ dry matter.” 

Insuluhle Ash. —Estimate on 2 grammes as in the “ dry matter.” 

In this way the following data have now been obtained : 


Sample .. 


" Dry matter ” 


" Crude fibre 


(Moisture, per cent. 

■j Woody fibre, jier cent. 

I Crude fibre, per cent. 

{ Total nitrogen, per cent. 
Albuminoid nitrogen, per cent. 
Total ash, per cent. 

(Insoluble albuminoids, per cent. 
\ Insoluble ash, per cent. 


Calculate those percentages to percentages of the sample “as 
received.” Then— • 




Total nitrogen—albuminoid nitrogen = amide nitrogen. 

Total albuminoids—insoluble albuminoids=soluble albuminoids. 
Total ash—insoluble ash = soluble ash. 
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Crude fibre—[insoluble albuminoids + woody fibre + insoluble ash] 
= digestible fibre. 

Ascertain the colouring matter (chlorophyll), etc., by difference. 

Su..'\(;e. e 

Determine the constituents as in grass or hay, and in addition 
estimate the acidity in the combined extractions and washings 
obtained in estimating the crude fibre. For this purpose the solu¬ 
tion may be made up to fixed volume, and an aliquot portion taken 
for titration with docinonnal alkali, using phenolphthalein as an 
outside indicator. This provides the total acidity. Another 
aliquot part of the solution is now boiled till free from volatile 
(acetic) acid, titrated in a similar manner, and ex])res.sed in terms 
of acetic acid. 

The difference in the amount of alkali used in determining the' 
total and volatile acidity is due to the fixed acids, and is expressed 
as lactic acid. 

Roots (Vakious). 

The pijincipal constituents determined in such plants as swedes, 
mangels, and turnips are water, cellulose, pectose. gum, sugar, 
albuminoids, and mineral matters, with perhaps the fatty, colouring, 
and other substances. 

As the amount of water present is very largo—from 8o to qo per 
cent.—^much, it not all, of the soluble matter will be in solution. 
The analysis is therefore resolved into two main divisions—viz., 
the Analysis of the juice and that of the residual insolulile portion 
or fibre. 

Preparation of Sample and Estimation of Moisture.— 

Remove the leaves and adhering soil from several average roots, and 
slice each, from top to bottom, into six or eight pieces. Take one thin 
slice from each root, and weigh out a loo-gramme average sample 
of the whole. Dry gradually till the most of the moisture is driven 
off, and then in the water-oven until no further loss is sustained. 
Store the dried sample in a bottle. 

Estimation of Crude Fibre. — Grate down ‘to a fine pulp a 
fresh -section of each of the roots, and of this weigh out 500 to 1,000 
grammes. Place in a linen bag, compress in a meat or cheese 
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press, and receive the juice into stoppered flasks. Weigh the 
residual fibre, and estimate the crude fibre on 25 to 50 grammes, 
and the woody fibre on 5 to 10 grammes of this pulp by the methods 
described under (irass and Hay, and estimate the ash and nitrogen 
in the former. The analysis of the juice must be carried out as 
soon as possible, as it rajndly decomposes and alters in its com- 
]K)sition. The liquid should be made up to a fixed volume, and 
its specific gravity ascertained. The following constituents are 
then determined : glucose, cane-sugar, soluble albuminoids, total 
solids, and soluble ash. 

Glucose. —Piiiette 10 c.o. into a loo-c.r. flask, add a little water 
and 10 c.c. of a saturated solution of lead acetate, make up to the 
mark with water, mix thoroughly, and allow to settle for a few 
hours. Filter, and estimate the glucose with Fehling’s solution in 
the manner described in the cha]rter upon Sugar Analysis. Should 
an excessive quantity of lead be required for the purjipses of clari¬ 
fication, it must be remox'ed by carefully adding the requisite 
amount of a solution of alum. 

Cane-Sug'aP.— This is ascertained by estimating the total sugar, 
and subtracting from it the number of c.c. of Fehling’s solution 
required in the estimation of the glucose. 

Pipette 50 c.c. of the saccharine liquid into a beaker, add 10 c.c. 
dilute acid, and invert the sucrose. Filter, neutralize with alkali, 
and make up to 100 c.c. with water. Cool, and titrate with Fehling 
as usual. 

Soluble Albuminoids. —Pipette 50 c.c. of the juice into a beaker, 
add a few drops of lactic acid, mix, and allow to stand for tvfenty- 
four hours, in order to coagulate all the albuminoids. Filter, wash 
with hot water, dry in the water-oven, estimate the nitrogen in the 
dried mass by the Kjeldahl process, and calculate to albuminoids 
by multiplying by the factor 6'25. 

Total Solids. —Concentrate 50 c.c. of the juice in an evaporating- 
basin upon the water-bath, breaking up any scum with a jHatinum 
rod. Dry thoroughly in the water-oven, and weigh until constant 
in weight. * 

‘Soluble Ash.*— Ignite the dry solids in a platinum capsule, and 
estimate the soluble portion as has been already described under 
other foods. 
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The following data will now have been obtained : 

fPnlp. 

\Water. 

('rude and woody fibre. 

/Nitrogen (insoluble albuminoids). 
\Ash. 

f Glucose. # 

J Cane-sugar, 
j Soluble albuminoids. 
tAsh. 
tNitrogon. 

\Ash. 

Reduce all percentages to percentage of sample, as in the case 
of grass and hay. Then— 

Crude fibre—[woody fibre + insoluble albuminoids+ashj--diges¬ 
tible fibre. 

Pectose, Pectin, and Pectic Acid in Roots. — These are 
generally estimated and ex])ressed as pectic acid. 

Macerate a suitable weighed quantity of the sample with alcohol 
for twelve hours, strain through muslin, and further treat with a 
mixture of 3 jiarts alcohol to i part hydrochloric acid, filter, 
and wash with alcohol till free from acid. Digest with 150 c.c. 
of an alcoholic solution containing i gramme potassic carbonate 
for thirty minutes at 75° C. under a reflex condenser. Filter and 
wash with alcohol, make the volume of the filtrate and washings 
up to 700 to 800 c.c. in a i,ooo-c.c. flask, add 2 grammes ammonium 
oxalate, and heat for two hours at a temperature of 35° C. Filter, 
wash, and make the cooled solution up to 1,000 c.c. 

The pectose, pectin, and pectic acid, now existing as ammonium 
pectate, is precijfitated in an aliquot jwrtion of the solution (loo c.c. 
or thereabouts) with a slight excess of a solution of calcium acetate. 
Filter off the calcium pectate and oxalate, wash first with water, 
and then with alcohol, dry, weigh, ignite, and weigh as calcium oxide. 

From the amount of ammonium oxalate used that of the calcium 
oxalate ^an then be calculated. 

> Let a = amount of calcium oxalate, 

6=weight of CaO, less that contained from the oxalate, 
c=weight of the precipitate of calcium pectate and oxalate 
from the aliquot portion, dried in the ^ater-oven. 

Then «= the weight of pectic acid, 

— u—(a +6). 


Sample 
Pulp .. ' .. 

Crude fibre .. 

Juice .. 

Dried pulp .. 



CHAPTER IX 

ANALYSIS OF DAIRY PRODUCTS 

Milk. 

Mit.k is the niaininary secretion of female mammals, and contains 
fat, casein, albumin, sugar (lactose), salts, and water. 

Fresh human milk, as well as that from the herbivora, has an 
alkaline reaction, the milk of the carnivora being acid. Cow's milk 
iisually exhibits an amphioteric reaction, or, in other words, appearfs 
to be acid and alkaline at one and the same lime. 

Milk fat, like other animal fats, is a glyceride, and yields glycerol 
and a fatty acid u|X)n sajionification, the chief sajionification acid 
being butyric acid (C^HbO.j). 

The milk proteids consist of casein, alhumin, and peptone#. These 
are all ju-ecipitated by acids and various metallic salts, and arc 
gradually resolved into less complex substances on decomposition. 

Milk-sugar, or lactose (C,.2H2.,Oii), has only been obtained as yet 
from human milk and from that of the herbivora. Anhydrous milk- 
sugar is dextro-rotatory (<i|i55'27°)- reduces alkaline solutions of 
• cupric salts, but less readily than grajje-sugar, and is hydrolized by 
boiling with dilute mineral acids yielding the glucoses—dextrose 
and 'galactose. 

The mineral constituents of milk vary somewhat, ranging from 
the lowest in the human and mare to that of the cow, the sheep 
being highest. 

Four analyses of the ash of cow’s milk are published by Wet#r and 


Haidlen: 





iMinimum. Maximum. 

Mean. 

Potash 

Minimum. 

17*09 . 

Miiximum. 

Mean. 

24-67 

Phosphoric 

Sod^i 

Lime 

8*6o • 
I7MI 

n-i8 

27-35 

970 

22-00 

1 anhydride 
Sulphuric 

27-04 29**3 

28-45 

Magnesia .. 

i*yu 

4'10 

3-05 

anhydride 

— — 

0-.30 

Ferric oxide 

0*^3 

076 

0-53 

i Chlorine .. 
89 

9-87 16-96 

14-28 
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The ratio that the ash of milk bears to the total solids is from 
7-8 to 9-4 : 100. 

Analytical Processes. 

Specific Gravity. —^This is obtained by means of the lactometer, 
which is simply a hydrometer graduated from 15° C. (specific gravity, 
i'0i5) to 45° C. (specific gravity, i‘045). The sample is poured into 
a hydrometer jar, and its temperature adjusted to I5'3° C., when 
the lactometer is gently lowered into it, and the reading is observed 
from the top of the meniscus. The specific gravity of pure milk 
varies from I'Ojo to i'040. The addition of water lowers fhe 
specific gravity, and the removal of fat increases it. 

Total Solids. —From 5 to 10 grammes are carefully weighed out, 
or, if the specific gravity is known, measured out, into a flat jwr- 
-<elain evaporating dish alxmt ai inches in diameter. The dish 
must have.been previously tared, and fhe milk should form a thifi 
even layer on the bottom of the dish. The dish and contents are 
next heated in the water-oven for three hours and weighed, and again 
heated for subsequent jieriods of half an hour until the weight 
become^ constant. The final weight of the dish and dried contents 
minus the weight of the dish gives the weight of the total solids. 

Richmond has based a formula upon a large number of analyses, 
whereby, given any two of the following, the third may be found 
—^viz., the specific gravity, total solids, or fat. A handy sliding 
scale for this purpose is sold by most dealers, and suffices to give 
a rapid and fairly accurate estimation of the fat or other third 
constituent. 

Ash. —Platinum dishes may be used for the estimation of the total 
solids, and the ash thereafter rapidly found by ignition at a dull red 
heat, care being taken not to volatilize the alkaline salts by too 
high a temperature. Porcelain dishes may be used with soft Bunsen 
flames. Nickel dishes are to be avoided. 

Faf— 27 sc Werner-Schmidt Process .—^fhis process is capable of 
producing very accurate results. Shake the milk thoroughly, intro¬ 
ducing if thickened a few pellets of dry clean lead shot, and transfer 
10 grammes or 10 c.c. of it to the Wcrner-Schmidt*tubc. Add lo'c.c. 
conegntrated hydrochloric acid, cork tightly with a rubber cork, 
and heat over the water-bath for about ten minutes, with frequent 
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shaking, until the liquid is of a clear deep brown colour. The tube 
must not be heated too long; otherwise carameloid bodies are formed, 
which become intimately mixed with the fat, and prevent its 
accurate estim.ation. 

After heating, th^ tube is suddenly and thoroughly cooled in a 
stream of water, filled to the 50-c.c. graduation with ether, again 
vigorously shaken, and allowed to st.and until the ether layer has 
completely separated out. 

Next measure off ra])idly two 10 c.c. portions of the supernatant 



Fur. 21 .—Milk Analy.sis ; WiiRNER-ScuMiDT Process. 


ethereal solution, after having carefully noted its exact volume, into 
two tared small beakers, and gently dry them on the tO]) of the 
water-oven. When free irom all traces of ether, cool, and weigh 
the beakers containing the fat. 

Example — 

Took 10 grammes of the milk. 

After extraction the ethereal solution measured 27 c.c. 

10 c.c. etheiVal solution gave 0'i3 gramme fat. 

Therefore 10 c.c. of the milk equals o'lj x 27^-io = 0’35i. 

Therefore the milk contains 3'5i per cent. fat. 
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An alternative and more accurate method is to transfer almost 
all the ethereal solution by means of a pipette with small aperture 
to thetared beaker, and repeat the extraction of the remaining 
traces of fat by subsequent agitations with fresh quantities of ether 

until all the fat is removed. , 

Adam’i Coil Process.—A weighed or measured quantity of the 



i:,Q, 22 . _S0XHI.ET Apparati's : Adam’.s Coil 1 ’roce.sr. 


milk is poured upon a strip of C. S. and S. fat-free paper (suppliet 
in boxes of 25 and ioo)„and is dried by placing in the water-ovei 
for some time. The dried paper is now rolled^ up lightly, aja(. 
placed in a Soxhlet fat-extract ion apparatus, and the fat extracta 
by, piAe ether (specific gravity, 0720). It is very essential tha 
the.etlier be dry; otherwise proteids are apt to be dissolved. Alte 
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allowing the ether to circulate through the coil at least twenty 
times, the tared flask and ethereal contents are detached, the ether 
regained by distillation over a water-bath by means of a long 
Liebig's condenser, and the flask and fat weighed until constant. 
Care must be taken jiot to heat the flask and contents at too high 
a temperature or for too long a ])eriod, as oxidation may ensue, 
and the result be loo high in consequence. 

Gerher Process .—This consists in separating the fat by centrifugal 



Flo. 33 .—Milk Analysis : Leffmann-Beam Process. 


force. Place 10 c.c. suliihuric acid (specific gravity, i'8::o to i'825) 
in one of the bottles, add i c.c. pure amyl alcohol, and then with 
great care ii c.c. of milk sample. 

Cork the tube firmly, and rotate for two minutes or so, vAen the 
volume of fat is read off to within o'l perj;ent. 

J^effmann-Ream Process .—This is a centrifugal apparatus, also, 
capable of holding two, four, eight, or twelve bottles at one time. 
Fifteen c.c. of the milk are measured into one of the bottles, and 
3 c.c. of ^mixture of equal parts of amyl alcohol and fuming hydro- 
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chloric acid added. The solutions are well mixed by rotating the 
bottle by the hand, and then 9 c.c. suljihuric acid (specific gravity, 
l'8j) is slowly added with care. The bottle is then ])laced in the 
machine and whirled for two minutes. If the milk is poor or skim 
then three to four minutes will suffice. Tlii; fat is read off to 
within O'l per cent. 


Rem.'Uiks o\ the Resit-ts of Milk Analysis. 

The average composition of milk from 200,000 analyses by Vieth 
and Richmond is : 

IVi Cent. 

Water .. .. . . 87-10 

Fat .. .. .. . .. . .. 3-90 

]\lilk-sugar . . .. .. .. 475 

Casein .. .. . .. .. .. 3-00 

Albumin' .. .. .. . 0-40 

Ash .075 

• 

The minimum quantity ol solids not lat contained in fresh 
milk, according to the regulations of the .Sale of Foods and Drugs 
Act, is fixed at 8 5 per cent., and that of fat at 3 per cent., so that, 

where the solids not fat in the milk are deficient, 

♦ 

Added water = TOO— „ 
o '5 

and where/, = fat in original milk (3])ei cent.), and /„= lat in sample, 


Per cent, fat abstracted = 100 

h 

The present standard for solids not fat in skimmed milk is 
9 ])er cent. 


Fat in milk tends to increase in the winter months, attaining its 
highest point in November. This is largely dac, of course, to the 
nature of the feeding. 


Estimatioil of Lactose in Milk. —Milk-sugar is most conveni¬ 
ently determined in the unaltered milk volumetrically by Pavy’s 
solution. To prepare thif solution mix 120 c.c. ordinary Fehling's 
solution with 300 c.c. ammonia (specific gravity, 0 880) and loo c,c. 
jf 10 per cent, caustic soda. Pavy’s solution may also be made 
up by dissolving 4-157 grammes pure rccrystallized cupric sulphate 
in about 100 c.c. water, and adding to this a solution of 21-^grammes 
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pare recrystallized Rochelle salt and 18-4 grammes caustic soda (or 
25'8 grammes caustic potash). To the cold mixture 300 c.c. ammonia 
(s])ecific gravity, o'88o) is added, and the whole is made up to 
1,000 c.c. 

One hundred c.c. J’avy’s solution is equal to 10 c.c. Fehling’s 
solution, or O'o5 gramme glucose. 

Pass the nose of a burette through a cork, pro\-idcd with three 
holes, into a wide-necked 150 c.c. flask ; the other two holes admit 
an exit-tube for the ammoniacal fumes and a safety-tube. Measure 
into the flask 50 c.c. ol Pavy’s solution, add a ]riece ol platinum 
foil to prevent bnmjiing, and run in the suga'- solution from the 
burette slowly, and with constant agitation. The total destruction 
of the blue colour marks the end ol the reaction, and the end-point 
is very shaip. From the amount ol sugar and Pavy solutions used 
the percentage ol ladose is calculated in the usual manner. 

* A j'.alaninetric method of estimating lactose in milk is to a/d 
to 60 c.c. of the sam])le 10 c.c. of a solution of mercuric nitrate 
piejiared by dissolving mercury m twice its weight of nitric acid 
(specific grai'ity, 1-42), and diluting with four volumes of water. 
The resulting mixture is diluted to 100 c.c., well shaken, and filtered 
through a dry filter. The clarified sugar solution is then placed in 
a 400-millimetre observation-tube, and its rotation at once noted. 
A similar <|uantity ol milk is treated 111 the same way, but in this 
case diluted up to 200 c.c. From the rotations thus observed the 
following data are deduced : viz., the true volume of liquid in the 
flask, the true percentage of lactose, and the true volume of the 
precipitate. * 

Let .V equal the volume of the precipitate. 

Let y equal the correct reading of the iiolarimeter. 

Let a equal the reading from 100 c.c. 

Let h equal the reading from 200 c.c. 


I. 200—.r : 100—.r a : h. 


Therefore x equals 100 


(a— 2 b) 
(a-b) t 


2. 100—: 100 :: y : a. 
Therefore y equals 
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Therefore the jxilarization is the quotient obtained by dividing 
the product of the two readings by their difference. 

Detection of Cane-Sugap or Glucose in Milk.— Ten c.c. of 
the sample are treated with 5 grammes of powdered ammonium 
molybdate and 10 c.c. dilute hydrochloric acid (i: 10). A blank 
experiment is at the same time also started with a pure milk. The 
two tubes are gradually heated on the water-bath up to 80“ C. If 
the sample contains cane-sugar or glucose, it will assume a blue 
colour. 

Detection of Glycerine in Milk.— Curdle the milk, evaporate 
the whey to dryness, and remove all traces of fat with ether. 
Dissolve the glycerine in a mixture of alcohol and ether, evaporate 
the filtered solution, and weigh the residual glycerine. 

Detection of Gelatine in Milk.— Dissolve mercury in twice 
4ts weight ot' concentrated nitric acid, and dilute it twenty 
tu.ies with,water (Wiley’s solution). Add 10 c.c. of this solutioif 
to an equal volume of the sample, shake, add 20 c.c. water, again 
shake, allow to stand for five minutes, and filter. The solution will 
be opalescent if much gelatine be present ; on the addition of a 
solution of picric acid a yellow jirecipitate will indicate the presence 
of gelatine. 

Detection of Boric Acid in Milk. — Evaporate 5 or 10 c.c. of 
the sample to dryness, and slowly char the residue; moisten the ash 
with a few drojis of concentrated sulphuric acid, and then add a 
little alcohol. Apply a light. The presence ot boron compounds 
will be demonstrated by a greenish coloured flame. 

Estimation of Boric Acid in Milk.— Make 100 c.c. of the 
milk distinctly alkaline with caustic soda, evaporate the mix,ture 
and char the residue. Extract the charred mass with a little hot 
water, and add hydrochloric acid drop b}' drop until only carbon 
is left undissolved. Add 0 5 to i gramme dry calcium chloride. 
Add a few drops of phcnolphthalcin, and titrate with a 10 per cent, 
solutidh of caustic soda until a pink coloration is just attained. 
Add 25 c.c. lime-water; make up to 100 c.c., shake well, and filter 
through a dry filter inti a 50-c.c. flask. Titrate 50 c.c. of the 
filtrate with normal suljAuric acid until the pink colour disappealrs; 
add a fyw drops of methyl orange, and more acid until the yellow 
changes to pink. Titrate back very carefully with quintinormal 
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caustic soda until the yellow just reappears. Boil to expel carbon 
dioxide, cool, add at least 30 jier cent, of glycerine, and finally 
titrate with quintinornial caustic soda. 

Each c.c. of soda used in the final titration equals 0-0124 gramme 
boric acid, or 0 007 gramme B.^O.,. 

Detection of Formalin in Milk. —To 10 c.c. of the sample 
add I drop of ferric chloride and dilute the milk to about 
30 c.c.: pour down the side of the tube, cautiously, a little concen¬ 
trated sul]rhuric acid, so as to form a layer at the bottom. A 
violet ring at the junction of the liquids will appear if formaldehyde 
is present. 

Detection of Salicylic Acid in Milk.— Extract a little of the 
milk with ether, alter solidifying with hydrochloric acid, and 
evaporate the ethereal solution to dryness. A violet coloration 
on the addition of a solution of ferric chloride will reveal the 
presence of salicylic arid, . ^ 

Detection of Raw Milk in Boiled or Sterilized Milk.— Warm 
the sample gently with a few drops of fresh oil of turpentine, and 
add a few drops of tincture ot guaiacum. Raw milk will produce a 
blue coloration if present. 

^Analysis of Altered Milk (Maceration Process).—The total 
contents of the bottle are transferred to a suitable vessel and 
thoroughly mixed with a wire whisk. From 10 to 12 grammes 
are weighed out into a flat-bottomed jflatinum capsule, w’hich has 
been previously tared, along with a short glass stirring-rod flattened 
at the ends. 

The weighed j)ortions are neutralized w-ith a decinormal strorttia 
solution, phenolphthalein as indicator. Decinormal soda suits, 
provided the acidity does not exceed 10 c.c. for 10 grammes milk. 

The mixture is evaporated over the water-bath down to a cheesy 
consistency, and whilst so warm that the fat is still in a liquid 
condition 20 c.c. ether (specific gravity, 0-720) arc poured over the 
milk solids, which are then carefully stirred for some time witfi the 
glass rod. 

The ethereal solution is now filtered through a tared filter into a 
tarei flask, and the maceration continued with eight successive 
additions of 10 c.c. of ether—that is, until all the fat has been 
extracted from the non-fatty solids. 
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The filter-paper, having its edges cut down, is well washed with 
boiling ether, and dried at 100“ C. The non-fatty solids should now 
resemble chalk. . The capsule is dried overnight, cooled, weighed, 
and the drying continued until the weight becomes constant. 

The correction for the added alkali is in the proportion of 0'0022 
gramme j)er l c.c. decinormal soda used, or 0’0042 per i c.c. deci- 
normal strontia. 

The ethereal solution contained in the tared beakers is evaporated 
and the weight of fat is ascertained. 

When the decomjwsition has set in to any extent the determina¬ 
tion of the amount of alcohol present is the most important item. 
When a sample measures 0 ounces (170 c.c.), 75 grammes are 
taken for the estimation of the alcohol by distillation. This 
portion (75 grammes) is neutralized with soda up to one half of 
the total acid' present. If nearly neutralized, ammonia will pass 
iAlo the distillate. The first distillate is returned to the flask, with 
the addition of 0 5 c.c. decinormal soda, and after making up to the 
original volume, the specific gravity is accurately taken in a bottle 
at I5'5° C. Now, since lactose is converted into alcohol and carbon 
dioxidejOn fermentation, according to the equation— 

4C2H3.OH -eqCOj, 

the percentage by weight of alcohol thus found, multiplied by 
90/46, gives the percentage amount of lactose which has been 
decomposed in the production of the alcohol. 

The volatile acid (expressed as acetic acid) is estimated as 
follows : Ten grammes of the milk are neutralized in a platinum 
dish to the extent of one half of the total acidity with decinormal 
soda and a few drops of phenolphthalein added. The contents 
of the dish are then evaporated to dryness on a water-bath with 
frequent stirring, treated with 20 c.c. boiling distilled water, and 
neutralized with decinormal soda. The difference between the 
. numl^r of c.c. of soda originally used and that used for neutralizing 
the dried substance is equivalent to the amount of volatile acid 
present. This number multiplied by 0-0255 gives the loss by 
weight of lactose converted into volatile acid (expressed as acetic 
acid). . The loss incurred by the conversion of proteids into ammonia 
is small, and may be estimated by diluting 2 grammes ^of the milk 
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up to 100 c.c. with distilled water (free from ammonia). The solu¬ 
tion is filtered, and lo c.c. of the clear filtrate, diluted to 50 c.p., 
is Nesslerized, using a standard solution of ammonium chloride 
containing 0 01 milligramme ammonia per c.c. 

Analysis of Condensed Milk.— Weigh out 10 grammes of the 
thoroughly mixed sample, and dilute to 100 c.c. with water. 

To/al Solids .—Evaporate 20 c.c. of the solution in a flat-bottomed 
dish in the water-oven, and weigh until constant. This takes about 
six hours. 

Ash .—Ignite the residue from the total solids at a dull red 
heat. 

Proteids .—Estimate the nitrogen in 10 c.c. by the Kjeldahl 
process, and calculate the nitrogen into proteids (N. x 6-3). 

Fai .—Estimate the fat in 5 c.c. (in duplicate) by the Adam’s 
coil process. 

• Lactose .—The most accurate method is to precipitate the proteltis 
with an alkaline solution of copper sulphate, filter, and estimate 
the reducing sugars in the filtrate by a gravimetric process (Fehling). 

A fairly accurate and easy method is to dilute 10 c.c. of the 
10 per cent, milk solution to 50 c.c. with water, add 50 c.c^ concen¬ 
trated ammonia, and titrate by Pavy’s solution. 

Analysis of Cheese. 

Moisture .—This is estimated on about 5 grammes of the finely 
divided sample. Should the sample be very soft, owing to the 
presence of a large projiortion of fat, the amount taken maj^ be 
mixed with a known quantity of clean sand and dried until the 
wei^t becomes constant. 

Fat .—The dried cheese (mixed with sand) is ])laced in a 
Soxhlet tube, and the fat extracted with ether (specific gravity, 
0720) or petroleum ether. 

Messrs. Pearmain and Moor have suggested estimating tjje fat 
by the Leffmann-Beam process :—Take 2 grammes of the finely 
divided sample, destroy the proteids by adding 30 c.c. concentrated 
hydrochloric acid in a shallow dish (milk-dish) on the water-bath. 
Introduce the mixture into the bottle, rinsing out the dish with 
3 c.c. of the hydrochloric acid-fusel-oil mixture, fill up with hot 
concentrate,d hydrochloric acid, and rotate as usual. Ten divisions 

7-2 
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on the bottle equal i per cent, by weight of fat operating upon 
I5'55 grammes or 15 c.c. milk. 

The factor, therefore, becomes for 2 grammes cheese ; 


The tat should he further examined for the jiresence of foreign 
fats by the processes described. 

Lactose .—The sugar in cheese may he estimated by macerating 
with hot water, filtering, and titrating the clear filtrate by Fehling’s 
method. 

Prnicids .—The jiroteids are usually obtained by difference. 
They may be estimated in the form ol nitrogen by Kjeldahl’s 
process. 

' Analysis of Butter. 

Slicposeopic Examination.—Place a small piece of the butter 
upon a slide, cover it with one drop of olive-oil, and gently 
press clown on this the cover-slip. Examine both under ordinary 
and polarized light. 

Pure butter exhibits characteristic appearances : water will be 
observed as small globules; salts and preservatives will be seen under 
polarized light as bright spots or crystals. 

Margarine presents a coarse granular appearance. 

Chemical Examination.—Wafer.—This is estimated on 5 
grammes of the sample placed in a milk-dish and dried till constant 
in v^eight in the water-oven. 

Curd .—Mix the dried butter with about 10 c.c. ether. Filter the 
ethereal solution through a tared filter; treat the residue repeatedly 
in this way with ether unt il all the fat has been extracted, then 
transfer the whole residue on to the filter, washing it with a little 
more ether. Dry the paper and contents until the weight becomes 
constant in the water-oven. The weight obtained represents the 
amount of curd and salt. 

Ash .—Ignite the dried filler and contents in a platinum capsule 
at a dull red heat to prevent volatilization of salts. The resijlue 
usually consists almost entirely of salt. The exact amount of salt 
present-' may l)e estimated by titrating its aqueous solution with 
standard silver nitrate. 
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Fill .—The fat is most accurately estimated by difference, or it 
may be ascertained by evajiorating off the ether from the curd and 
salt estimation, and weighing the residual fat. 

Preservatives ..—^These are estimated as described under milk. 

Colourin" d/(i//cr.-r'f'*radually add 4 c.c. of carlxjn disulphide to 
30 c.c. alcohol with gentle agitation till both are thoroughly mixed. 
Dissolve 5 grammes of the samjile in 25 c.c. of this solution in a test- 
tube. The carbon disulphide will dissolve and carry down with it 
all the fats, the alcohol, on the other hand, rising to the surface, 
with any colouring matter that may be jiresent. 

After com])lete sej)aration, which takes only a few minutes, the 
alcohol solution is removed and evajiorated to dryness on a water- 
bath, and the residue treated with a few drops of strong sulphuric 
acid. A greenish-blue coloration will indicate the presence of 
annatto, a pink colour that of a coal-tar dye. 

* Detection and Estimation of Foreign Fats in. Butter/- 
Artificial butters or butter substitutes are manufactured in this 
country and in the U.S.A., and are called “ margarine ” and “ oleo¬ 
margarine.” 

Amongst the most commonly used hits are beef fat, nu^tton fat, 
lard, cotton-seed-oil, palm-oil, grease wastes, bone iat, cocoanut- 
oil, etc. 

The clarified fat is compressed, mixed with milk (usually skim 
milk) and salt, coloured, and occasionally butter added. 

In order to examine fats in butter it is necessary to separate 
them from the other constituents—^water, curd, and salt. 

Preparation of the Butter Fat.— Place about 50 grainmes 
of the butter in a dry beaker and warm it to 50“ to 60“ C., allowing 
the water and curd to fall out. Filter the clear fat through a ribbed 
hot-water jacketed filter, and collect in this way about 30 c.c. in 
another dry beaker. The fat should be filtered clear, and its 
temperature must not exceed 70"^ C. 

The specific gravity is next taken at 37'8“ C. (ioo“ F). 

The specific gravity of genuine butter fat varies from o'cjios to 
0-9138, and seldom reaches lower than o-giio. The presence of 
margarine (lard, etc.) will lower the specific gravity, whilst adultera¬ 
tion with cotton seed-oil will increa.se it. 

The specific gravity of butter alters on keeping for some time. 
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Hehner’s Process. —Butter fat contains less insoluble (in water) 
acids than other fats. 

Four grammes of the prepared butter fat, freed from water and 
curd, are placed in a tared 8-ounce conical flask, lo c.c. of saturated 
alcoholic potash added, and the flask heated gently on o water- 
bath. Now add a few drops of water, and it any fat remains 
undis.solved, add more alkali and heat again until saponification 
is comiflcte. Add 50 c.c. water, and eva])orate off a.ll the alcohol 
on the water-bath. Transfer the contents of the flask into a 
separating-funnel, washing out the flask with a little hot water. 
Add hot dilute hydrochloric acid (i: 3) until the solution is acid, 
and allow to stand for twelve hours in order to effect complete 
separation of the insoluble fatty acids; tap off the water, leaving 
the acids adhering to the sides of the separator. Wash the acids 
in this way several times with W'ater, until the w'ash-w'ater is free 
ir^m acid ri'action. Dissolve the fatty a.cids in, and rinse out the 
sejiandor with, a little ether, tapjiing the solution into the original 
tared flask. Evaporate on the water-bath, and continue heating 
until the weight is constant. The ethereal solution may be evapo¬ 
rated in^a tared dish. Animal lats contain about ()5-5 per cent, in¬ 
soluble fatty acids; butter fat contains on an average Sy'S per cent. 

Let X equal jier cent, foreign fat and y equal per cent, insoluble- 
fatty acids found. 


Then, 


100 (v-87-5 ) 

8 


12-5 (y-87-3). 


KrtettStOPfer’S Method. —This consists in estimating the mole¬ 
cular weight of the fatty acids—that is to say, the weight of 
each acid required lo neutralize a given weight of potash. This 
quantity is known as the " Koettstorfer number.” 

1. Alcoholic Potash .—Dissolve 32 grammes potassium hydrate in 
1,000 c.c. alcohol. The use of methylated spirit causes discoloration, 

,j^and tHe solution must be standardized, in any case, periodically, 

2. Seminormal hydrochloric acid. 

3. Dilute phenolphthalein solution. 

Weigh out 2 to 3 grammes of the clarified butter fat into^ an 
8-ounce conical flask, add exactly 25 c.c. of the .alcoholic potash 
from a burette, attach the flask to a reflux condenser oyer a water- 
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bath, and heat until the fats have been completely saponified. 
Add a few drops of the phenolphthalein solution, and titrate with 
the hydrochloric acid. The end-point is sharp, and is indicated 
by a change in the colour to a yellow tint. A blank titration is 



Fic. 24.—Water-Uath with Flasks provided with a Simple Reflux 
Condenser Arrangement {Kokitstorfer Process). ^ 

also carried out upon another 25 c.c. of^the alcoholic potash, and 
the difference between the number of c.c. of acid required in each 
case noted. This difference represents the amount of potash 
neutralized by the fatty acids, and when multiplied by 0-028 equals 
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the weight of potassium hydrate neutralized by the amount of 
butter fat taken. This weight, again, divided by the amount taken, 
gives the Koettstorfer number. E.g .— 

Fat taken = 3 grammes 
25 C.C. K()H =23 I c.c. HCJ. 

25 c.c. KOH (after treating 3 granimes butter)=(v68 c.c. HCl, 
.'. i6'42 c.c. KCl^the latty acids in 3 gi amines butter lat. 

= 8-2I c.c. HC1-8-2Ixo'o3cS=3J() milligrammes KOH. 

Tfie Koettstorfer number tor pure butter lat varies between 
221 and 223 (average, say, 237-25), oleo-margarme being approxi¬ 
mately 195. 

Let n equal the Koettstorfer number, then an ajiproximate 
estimate of the })ercentage of foreign fat is obtained by the formula 

X3-I7- 

'^he Reichert-Wollny Process.— Five grammes of the clarified' 
fat are placed in a 300 c.c. flask (as illustrated), along with 
2 c.c. of a 50 per cent, aqueous solution of NaOH, free from carbon 
dioxide, and 10 c.c. of 96 per cent, alcohol, and connected with a 
reflux condenser over Ixiiling water for fifteen minutes. The 
alcohol is then distilled off by disconnecting the flask and leaving 
it on the bath tor about half an hour, when a dry soap will be 
obtained. 100 c.c. of hot water (distilled) are next added, and the 
flask and contents Ixiiled for another fifteen minutes until the soap 
is completely dissolved. The flask is next cooled down to about 
60° C., and 40 c.c. normal sulphuric acid added, along with a small 
pieca of platinum coil or coiled wire. It is much more preferable 
in all cases to use platinum scrap to prevent bumjiing than pumice 
or pipe-clay. The flask is then connected with the Liebig condenser 
and warmed, gently at first. The temperature having been gradu¬ 
ally raised, it is so adjusted that no c.c. distil over in the course 
of half an hour. The distillate is thoroughly mixed, and 100 c.c. 
are filtered off into another vessel, i c.c. phenolphthalein solution 

gramme in 1,000 c.c.) added, and titrated with decinormal 
sodium or barium hydrate. The number of c.c.’s of alkali used 
is multiplied by i-i, a blank distillation being also carried olit 
under similar conditions, the number of c.c.’s of,alkali used in 
which should not exceed 0-33. 
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Calculation of true fat in butter where * is the Reichert 
value and 2878 the Reichert value of genuine butter fat— 

I 00 (.T-C) 

2878 - c ' 

For convenience, the*value of r (the foreign iat) may be taken as = 3 - 
ieiss Butyro-Refractometer.— This instrument is operated 
in cither diffused sunlight or in a'difi'dal light. A constant stream 



Fig. 25.—Keichert-Meissl-Wollny Apparatus. 


of water of even temperature is passed through the nipple D. 
Half turn the pin F, and open out the segment B, which moves 
upon the pinion. This done, the prisms are now most carefully 
cleansed from all grease and dust by lightly rubbing with % soft 
rag containing a little ether. Place a drop or so of the clarified fat 
upon the movable prism in the jacket B in such a way as to secure 
a tliin but even layer. Fold back and compress the prism B 
against the prism A, and lock it by half turning the screw F. 

On observing through the telescope, tilt the mirror J till the 









^after 1 period of some seconds, after which it becomes constant. 
The colour, if any, is then noted, together with the position of the 
critical line on the centesimal scale, the temperature at the moment 
also being read. 

Further directions, together with a standard fluid,are suppliedwith 
each instrument, as it is necessary to standardize it from time to time. 
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Table of Results (Wollny). 


I'at. 


Temiterature. 


Scale llivisions. 


Kefracttve Index D. 


Genuine butter 
Margarine 


25 ’ C. 
25 ■ c. 


49-1; to 54*0 
58-6 to 0()'4 


1*4590 to 1*4620 
1*4650 to 1*4700 


From this it will be seen that all readings higher than 54*0 must 
be considered as showing adulteration in the case of buttei. 

An average’ limit may be therefore taken as at 52'5 (25° C.) 
scale divisions for the critical line. 

The scale clir'isions are converted into refractive indices according 


to the table : 


Keading. 

Rffniclite 
Index 1 ). 

00*0 

1*4220 

10*0 

I- 43 tH) 

20*0 

I -4177 

30*0 

1-4452 

40*0 

1 - 45^4 

40-5 

1-4527 

41*0 

1-4531 

41'5 ' 

1-4534 

42*0 

l■ 45 .t 8 

42-5 

I ■ 4 . 14 ' 

43‘0 

'■ 4 . 14.1 

4 .V 5 

'■4548 

44-0 ■ 

1-4554 

44-5 

'■4555 

45-0 

'■4558 

45-5 

I •4502 

46-0 

1 ■ 41'’5 

46-5 

1-4569 

47-0 

1-4572 

47’5 

1 - 457 '' 

48’O 

■■4579 

48'.'; 

1-458.1 

49-0 

1-4586 

49-5 

1-4590 

50-0 

1-4591 

“ 50’5 

'•4596 

51-0 

1-4600 

5 i '5 

1-4003 

52'0 

1-4606 


Keadmtj. 

Refrattixe 
Index- D. 

52*5 

1*4609 

53-0 

1-4613 

53-5 

1*4616 

54 *u 

1*4619 

54-5 

1-40^3 

55 '” 

T4626 

55-5 

1*4629 

56*0 

1-4631 

56*5 

I - 4'>16 

57*0 

I- 4<'19 

57-5 

1-4642 

58*0 

I-464'. 

58-5 

1-4649 

59-0 

1-4652 

59-5 

I -4656 

60-0 

1-4659 

60-5 

1-4662 

61-0 

1-4665 

61-5 

1-4669 

62-0 

1-4672 

62-5 

1-4675 

63-0 

I -4678 

63-5 

I -4681 

64-0 

1-4685 

64-5 

1 -4688 

65-0 

1-4691 

65-5 

1-4694 

65-5 

I -4697 

66-0 

1-4700 


keadiiiK'* 

Kefractive 

Index 

66*5 • 

1 - 47^4 

67*0 

1-4707 

67-5 

1-4710 

68*0 

1-4713 

68*5 

1-4717 

69*0 

,1-4720 

69-5 

I- 47-11 

70-0 

1-4726 

70-5 

1-4729 

71-0 

1-4732 

71-5 

1-4735 

72-0 

'■ 47.38 


1 - 474 ' 

73-0 

1-4744 

73-5 

1-4747 

74-0 

1 - 47.50 

74-5 

1 - 475.3 

75-0 

1 - 475 '' 

75-5 

1 - 47.59 

76-0 

i- 47'52 

76-5 

1-4765 

77-0 

1-^768 

77-5 

I- 477 I 

78-0 

1-4774 

78-s 

1-4777 

79-0 

1-4780 

80-0 

1-4783 

90*0 

1-4840 

100*0 

1-4895 




CHAPTER X 


OILS AND FATS 
Composition and Properties. 

Fats and oils are glycerides or glycerine salts of the fatty acids 
The commoner examjiles are olein, jmlmitin, and stearin, being th( 
triglycerides o^ oleic, palmitic, and stearic acids. They are in 
soluble in water, more or less soluble in pure alcohol, and casib 
soltible in ether, chloroform, amyl alcohol and carbon bisulphide 
They are easily decomposed by alkalies yielding suajis and frei 
glycerine. 

The triglycerides, or neutral salts, are found in animal and vege 
table products, the mono- and di-glyceridcs being synthetical (arti 
ficial) formations. 

The following is a list of edible fats and oils (Lewkowitscli) : 


Acids of the Acetic Series—CnHjnOa. 




Butyric 

Caproic 

Caprylic 

Capnc 

Laurie 

Myrstic 

Palmitt: 

iBtearic 

Arachidic 

Behenic 

Lignocerk 


Formula. 

Melting. 

PoinL 

Polling- 

Point. 

X 

p 

-2®-+ 2° 

i 62*3® 


— 

200^" 


i0-5° 

236° 

C10H2UO2 

31-3'' 

268-270° 

C22H2402 


176“ 


ss-s" 

I06'5° 


62° 

215° 

Ci»H3,|02 

7VO-7VS° 

232-5° 


s 


^ 20 ^ 40^2 

77 

— 

C22H44O2 

83 ‘'- 84 ° 

— 

C24H4KO2 

81° 

— 


Occurrence. 


Butter, cocoa butter. 
Butter, cocoaniit-oil. 
Butter, cocoanut-oil. 
Butter, cocoanut-oil. 
Cocoanut-oil. cocoa butter. 
Cocoanut-oil, sesame-oil. 
Almost all fats and oils. 
Fats, and nearly all oils, e? 

cept corn and olive. 
Peanut, olive (trace), raj 
(trace), * 

Rape, mustard. 

Peanut. • 


io8 
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Acids of the Oleic Series—C„H 2 „. 302 . 


Name. 

Formula. i 

1 

MeUing- 

Point 

Boiling- 

Point. 

Hyi)ogccic 1 

•' 

33''’ 


Oleic 

('laHitjOa 

14" 


Iso-oleic 


44'-4s“ 

1 - 

Rapic 

Erucic 


33"-'3-^" 

1 , 

1 2h4 


Occurrence. 


I’eauut. 

Almost all fats ami oils. 

Kape and mustard. 
Rape aittl mustard. 


Acids of the Linoleic Series—C„H2„ ^o.,. 


.. f> I JVleltiiijj* Poiliiig* Occurrence. 

Name. lormuk. uecurrence. 

^Lmoleic ^ C,„II,/)., UiuliT 18' ' — ' Olive. cotton-K-cil, peaiAit, 

I ' I sesame, cocoa butter. 

poppy-seed, sunflower. 


Animal fats and oils are usually extracted by means of heat, dry 
or steam, either with or without pressure ; whilst vegetable products 
are either treated with solvents or pressure alone. 

Moisture. — Water is extracted, if present, by allowing it to 
separate out on standing the melted fats in a warm place for some 
time, and decanting off the clear fat or oil. Tlie amount of moisture 
present may be determined l)y drying a weighed quantity of^the 
fat in a shallow dish in the steam-oven. 

Weighing Fats.—The fat may be pipetted off while molten, 
or it may be cooled over ice, and weighed upon a thick taicd filter- 
paper placed upon a tared disli; both paper and fat may be trans¬ 
ferred together to a flask or other apparatus. 

Specific Gravity.—The specific gravity of liquid oils is usually 
taken at i 5 ' 5 ° C. by means of a hydrometer, Westphal bSlance, 
Sprenge tube, or gravity-bottle. Solid fats may be taken at tem¬ 
peratures exceeding their melting-points, or at 100° C., by means 
of the gravity-bottle or balance. 

The coefficient of expansion with increasing temperature for all 
oils and . fats is the same, the mean absolute coefficient of ex- 
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pansion for i° being approximately o'ooo8, and the apparent co¬ 
efficient of expansion almost o'ooo77. 

Viscosity. —The viscosity or fluidity of edible fats and oils, 
although seldom required, may be ascertained by means of any of 
the well-known types of viscosimetrcs. 

Melting-Point.—A capillary tube is drawn out from a piece of 
sma ll glass tubing, and its open end is immersed in a beaker of the 



F:g. 27.—ArpARATvs for deter- Fig. 28.—Improved Capillary 

MINING THE MeLTING - PoiNT TUHE FOR DETERMINING THE 

(Capillary Method). Melting-Point or Fat. 


molten fat, when the fat will rise up into the capillary bore. Tb 
tube is now allowed to set for about twelve hours, and is thereafte 
gttachid by a rubber band to a thermometer graduated in tenths 
file fat particle being close to the bulb of the thermometer, Botl 
are then sunk in a test-tube containing water, which is also held,i: 
a boiling-flask partially filled with water, as shown in the accom 
panying jliagram. Heat is then applied gradually, so that the thei 
'mometer rises not more than o’5° per minute, until the fat fuses 
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the exact temperature being that of the melting-point of the fat. 
Several observations are made on the same sample, the average 
result being accepted. 

Solidifying^ - Point.— The point of solidification of the fat is 
observed after that of its melting-point. 

Refraction. —The comparison of the refractive ]X)wer of fats 
and oils forms a most important part of their analysis. The degree 
of deflection caused in a ray of light passing from one transparent 
medium into another is known as the refractive index of that 
medium, and is the quotient of the sine of the angle of the incident 
divided by the sine of the angle of the refracted ray. 

A further description of the refractometer and its use is der 
scribed under Butter. 

Polarization. —Oils are either dextro- or Isevo-rotatory, whilst 
pure glycerides are usually optically inactive. ^ • 

* Before observation all oils must be rendered clear and limpid ^by 
filtration or other suitable means. 

Microscopical Examination. —This is of use more particu¬ 
larly in the case of solid fats. Crystals— e.g., beef or lard—may be 
obtained by slow crystallization at ordinary temperatures from 
ether, which may be washed with alcohol, or alcohol and dther, and 
recrystallized from ether. 

Polarized Light. —Fat crystals, obtained as above described, 
or by merely allowing the melted fat to cool slowly, often present 
characteristic appearances under polarized light, with or without 
selenite plates, sufficiently marked as to allow of the detection of 
various adulterants. ■’ 

Spectroscopic Examination.— By this method the presence of 
chlorophyll and its products may be demonstrated, especially if the 
sample is compared with one or more of known purity. 

Turbidity Temperature (Valenta).— The fat is dissolved in 
glacial acetic acid with the aid of heat, and then allowed to cool 
slowly, the temperature at which turbidity ensues being ipoted. 
Three c.c. of the fat should be dissolved in 3 c.c. of glacial acetic 
acid. The following are a few representiftivc turbidity numbers : 
Biftter fat, from 40° to 70° C., averaging 52° to 65° C.; oleomargarine, 
95° to 106° C.; r|pe-oil, 101° C.; linseed-oil, 53° to 57° C.; sesame-oil, 
77° C.; peameal-oil, 61° to 88° C.; olive-oil, 89° C.; and lard-oil, 96° C. 
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VolatUe Fatty Acids (Relchert-Meissl Process). 

Five grammes of the fat are placed in a dry Erlenmeyer flask, 
300 c.c. capacity, 10 c.c. of 95 per cent, alcohol added, and 2 c.c. 
sodic hydrate solution (100 grammes NaOH in 100 c.c. H^O). 
The flask and contents are then heated on a water-bath, under a 
reflux condenser, with occasional agitation, till the saponification is 
completed. This will be evident by the absence of any fat globules. 
The contents of the flask are then thoroughly dried by prolonged 
heating upon the water-bath, and, if necessary, whirling in the air 
to expel all traces of alcohol and moisture; 135 c.c. of distilled water 
are then added, in which the soap is dissolved by gentle warming. 
The flask is cooled, and 5 c.c. dilute suljrhuric acid (200 c.c. in 
1,000 c.c. water) are added, and the emulsion again warmid, to 
effect thorough* admixture and solution, without access to the air. 
A piece of pjatinum foil may now be added to pi event ' bumping,’* 
and the flask then connected with a condenser and receiver, as 
described under Butter. 

Estimation of Soluble and Insoluble Fatty Acids—S o/kWc. 
—Five grammes of the fat are weighed out as in the Reichert-Meissl 
process, and 50 c.c. alcoholic potash solution (40 gr.ammes KHO in 
1,000 c.c. of 95 per cent, redistilled alcohoB arc added from a burette, 
and the contents ol the flask completely saponified as described 
in that process, after which the alcohol is expelled by further heating. 
Several blank experiments arc also simultaneously started, and are 
titrated, after evaporation, with | hydrochloric acid. One c.c. in 
exceSs of the number which is required to neutralize the blanks is 
then added to the fatty acids, and the flask again heated under a 
reflux condenser until all the fatty acids have separated out. The 
flask having been thoroughly cooled in running water, and the fatty 
acids thus solidified, the clear solution is carefully decanted off 
through a tared filter into a litre flask; 200'c.r. to 300 c.c. warm 
water »re then added to the residual fatty acids in the flask, which 
a*e again melted on the water-bath and again cooled, and the process 
of washing by decantatSSn repeated three times. The combined 
washings are made up to 1,000 c.c. with water, thoroughly mixed, 
and two portions of 100 c.c. eacji are titrated with jj, NaOH, using 
phenolph'thalein as the indicator. The readings, multiplied by. 
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»«, •..*6 amount of yjy alkali required to neutralize the 

acidity of the soluble fatty acids, together with the excess (i c.c.) 
of f acid used. As this i c.c. § acid is equivalent to 5 c.c. 
alkali, 5 c.c. must be deducted from the number of c.c.’s alkali used 
in effecting neutralization of the fatty acids. This corrected number, 
after being multiplied by 0'0088, will represent the weight of soluble 
■fatty acids in the 5 grammes originally taken in terms of butyric 
acid. 

Insoluble .—ransfer the fatty acids remaining in .the flask, in a 
cake, to a weighed glass evaporating-basin, with the aid of alcohol. 
Also wash the residue left in the tared filter into the basin with 
t alcohol, 'and evaporate off the alcohol ujx)n the water-bath, drying 
the contents ol the dish in the water-oven for two hours ; cool, and 
weigh. Again heat the acids for half and hour, cool, and again 
weigh. ’ 

Free Fatty Acids. —Weigh 20 grammes of the fat pr oil into 
a 150-c.c. Erlenmeyer flask, and add 50 c.c. of 95 per cent, alcohol 
(previously neutralized with dilute NaHO, using phenolphthalein 
as the indicator). Warm to 6o“, and titrate with sodic hydrate, 
using phenolphthalein. Each c.c. alkali is equivalent to 0’0282 
gramme oleic acid, or as the "acid-number” of c.c. of alkali 
required to neutralize the free fatty acids in i gramme of the fat 
or oil under examination. 

The Acetyl Value. —Fats or oils are " acetylatcd ” when heated 
with acetic anhydride— i.e., the hydrogen atom of the alcoholic 
hydroxyl group is exchanged for the acetic acid radicle:— 

Ci,H 32 (OH).COOH -I- (C 2 H, 0 ) 20 = Ci,H 52 ( 0 .C,H 30 )C; 00 H +C2H4O2. 

Kicinoleic actd. Acetic annydnde. Acetyt*rlcinoleic acid. Acetic acid. 

The acetyl value is therefore the number of milligrammes of potas¬ 
sium hydrate required to neutralize the acetic acid formed by the 
saponification of i gramme of the acetylated fat. 

Ten grammes of the fat or oil are boiled with 10 c.c. acetit an¬ 
hydride for two hours under a reflux condenser, and then in an open 
' beaker with 500 c.c. water for half an hour. *^The solution is allowed 
to separate out, the lower liquid is siphoned off, and the oily layer 
repeatedly boiledy and thus washed, with fresh water till free from 
acid (litmus reaction). The acetylated fat is then removed and 
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dried in the water-oven, and from 2 to 4 grammes weighed into a 
flask and saponified with alroholic potash, as in the Kocttstorfer 
process (saponification number). The alcohol is evaporated off, 
the soap dissolved in water, and the free acetic acid either distilled 
or filtered off, and titrated as follows :— r 

1. The acetic acid may be distilled off, after having first acidified 
the soap with l ; 10 sulphuric acid, receiving from 600 to 700 c.c. 
distillate by occasionally adding water to the distillation flask. 
The distillate is filtered as distilled through a loose cotton-wool 
plug to free it from any distilled in.soluble acids, and is titrated 
with NaOH, using phenolphthalein. The number of c.c.’s of 
alkali used, multiplied by 5'6l, and the product divided by the 
number of grammes of acetylated fats taken, represents the acetyl 
value. 

2. The filtfation process is more rapid, and as accurate as the 
distillatiop process. The quantity of alcoholic potash used in 
originally saponifying the fat should be exactly neutralized by adding 
standard acid. This may easily be ascertained by blank experi¬ 
ments. The resulting mixture is then warmed, when the fatty acid 
will separate out upon the top of the liquid, and may be filtered off, 
washea free from acid with boiling water, and the filtrate titrated 
as above with NaOH, the number of c.c.’s of which are calcu¬ 
lated as described into the acetyl value. 

Saponification Equivalent (Koettstorfer Process). —The 
saponification number or equivalent is the number of milligrammes 
of potassium hydrate required to completely saponify i gramme of 
the fat or oil. 

From I to 2 grammes of the fat are transferred to an Erlenmeyer 
flask, and 23 c.c. alcoholic potash (40 grammes KHO in 1,000 c.c. 
of 97 per cent, alcohol) are rapidly added from a burette. 

Duplicate experiments are simultaneously carried out, along 
with blanks. The saponification is effected upon the water-bath, 
and the excess of alkali is titrated, after cooling, with ^ HCl, using 
phenolphthalein. The number of c.c.’s of -2 acid required to 
neutralize the blanks is‘ subtracted from that taken in the case of 
the fats, and the difference multiplied by 28'o6, and divided by the 
number of grammes originally taken, represents the saponification 
number or equivalent. 
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Iodine Absorption—Hubl's Method.— Prepare the following 
solutions :— 

1. Iodine solution : By dissolving 26 grammes iodine in 500 c.c. 
of 95 per cent, alcohol, and, separately, 30 grammes mercuric 
chloride in a like quantity of the alcohol. Filter the mercuric 
solution, if necessary; mi.x it thoroughly with the iodine, and allow 
to stand at least twelve hours previous to use. 

2. Decinormal thiosul])hate solution : By dissolving 24-6 grammes 
pure “ hypo,” and making up to 1,000 c.c. in water. 

3. Potassium iodide solution : By dissolving 150 grammes in 
water, and diluting to 1,000 c.c. 

4. Potassium dichromate solution : By dissolving j'874 grammes 
of the pure salt in water, and making up to i,000 c.c. 

5. Starch ])aste : By dissolving 1 gramme starch into 200 c.c. 
water, and cooling the liquid. 

* Standardize the thiosuljdiate solution by running it into a fla*k 
containing 20 c.c. of the dichromate solution, 10 c.c. potassium 
iodide, and 5 c.c. concentrated hydrochloric acid, until only a faint 
straw-coloured liquid is obtained ; then add a little of the starch, 
and exactly decolourize the blue solution thus arrived at according 
to the equation : 

KjCr^O, -h 14 HCI + 6 KI - zCrClj -t 8KC1 -t 61 + 7 H 2 O. 

The equivalent of i gramme of iodine in terms of the thiosulphate 
is obtained by multiplying the number of c.c.’s of the thiosulphate 
solution required for titration by 5. Thus ;—If i6 () c.c. thiosulpRate 
were used for 20 c.c. dichromate, then i gramme of iodine is equiva¬ 
lent to i6-6x 5 = 89 0 c.c. thiosulphate solution, or i c.c. of that 
solution will equal = 0-01123 gramme iodine. 

One c.c. strictly thiosulphate solution is theoretically equiva¬ 
lent to 0-0127 gramme iodine. 

P;.ocess.—Take i gramme of a solid fat, or 0-2 to 0-4 grarame of 
an oil, in a well-stoppered flask or bottle of 300 c.c. capacity, and 
dissolve it in 10 c.c. chloroform. Add 30 'f.c, of the iodine from a^ 
burette, and allow to stand in the dark, with occasional agitation, 
for three hours*, Then add 20 c.c. potassic iodide and 100 c.c. 
distilled water, and titrate, as already described for standardization, 

8-2 
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with the thiosulphate solution, finishing off with starch indicator. 
Towards the end of the titration the liquid must be thoroughly 
mixed by shaking vigorously, in order to dissolve any particles of 
iodine, and the blue colour sliould not reappear after an interval 
of live minutes. The cxpcriuient should be cawieil out in duplicate, 
and along with two blanks. 

Example.—In one experiment 30 c.c. of the iodine required 
54’2 c.c. of the thiosulphate solution, and in another 54 *^ The 
average or mean is 54-5. Again, 16-2 c.c. of thiosulphate were 
required for the excess of iodine unused (or unabsorbed) by I gramme 
of the fat. Then the thiosulphate equivalent to the iodine actually 
absorbed by the fat would be 54'5 -1()'2 = 38-3 c.c., and the per 
cent, of iodine thus absorbed by the fat would be 38-3 x 0 01123 x 100 
= 47-10. 

Hanus’ Method. —As the Hubl method requires considerable^ 
time, and is inconvenient in that the solution of iodine is unstable 
and loses in its strength, this (Hanus’) method, and the following 
of Wij's, are found more satisfactory in use. 

Solutions. —Iodine solution : Dissolve 13-2 grammes iodine in 
I litre glacial acetic acid (qg per cent.), and add, when cold, 3 c.c. 
bromine' or at least sufficient to approximately double the halogen 
content, leaving a slight excess of iodine. 

Prepare the thiosulphate of soda, potassium iodide, and starch 
solutions, as in the Hubl method. 

Process. —Proceed as described in the Hubl process, using 30 c.c. 
of the iodine (Hanus) ; mix well before adding water previous to 
titrating, and use only 10 c.c. potassium iodide. The absorption 
requires thirty minutes, as compared with three hours, as in the 
case of the Hubl. Due precaution must be taken that the iodine 
solution is always measured out at the same temperature, both for 
assay and blank experiments, as the concentrated acetic acid has 
a very high coefficient of expansion ; otherwise a large discrepancy 
may Ife incurred. 

Wij’s Method— Dissolve 13-2 grammes iodine in 
1,000 c.c. glacial acetic acid, and pass through a very large portion 
of this solution a current of pure dry chlorine until the liquid is 
almost decolourized. Then add the remainder of thte iodine solution, 
until the red iodine colour is again obtained, thus practically 
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doubling the halogen content, with a slight excess of iodine. Pre¬ 
pare the other solutions as in the Hubl method. 

Process .—Proceed as in the Hanus method, taking for non-drying 
oils and fats fifteen minutes, for semi-drying oils thirty minutes, 
and for drying oils o*ie hour. 

Maumene Test. —Place a 130-c.c. beaker within a large beaker, 
packing the intervening space with a non-conducting medium, such 
as cotton-waste or wool. Weigh into the inner beaker 50 grammes 
of the oil, and note its temperature after replacing it in jwsition in 
the nest. Fill a burette with concentrated sulphuric acid possessing 
the same temperature as the oil, and run 10 c.c. of it into the oil 



Fig. 29.—Apparatus for Determining the Rise of Temperature ; 

Maumene Test. 

with constant stirring, noting the consequent rise in temperature 
of the mixture, of which the maximum point is recorded. • 
The Maumend number is the difference in degrees C. between 
the initial and maximum temperatures. 

Should excessive frothing ensue, as is the case with many oils—^ 
e.g., cotton-seed—the acid must be diluted. The result obtained by 
dividing the rise of temperature in the case of the oil by the rise of 
temperature in the ca.se of water, with the same strength acid, 
and multiplying the quotient by 100, will give what is termed as 
“ the specific temperature reaction.” * 

Bromination Test. —This test consists in ascertaining the rise 
in temperature 'aused by the reaction and absorption of bromine 
by fats and oils. Although the actual amount of absorption is not 
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obtained, yet the results obtainable bear a close relationship with 
those of the iodine numbers : and as the test is more convenient 
than that of the iodine absorption already described, it may in some 
instances i)e carried out in preference to the latter, and the results 
obtained calculated, by factors, into iodine values. 

The Gill and Hatch apparatus consists of a long, narrow, flat- 
bottomed tube, supported by a cork in a beaker, which is placed in 
a cotton-wool or waste nest within a second and larger beaker. 

Five grammes of the substance are dissolved in 25 c.c. chloroform 
or carbon tetrachloride, and of this solution 5 c.c. are pipetted into 



Fig. 30.— a . Gill and Hatch’s Calorimeter for the Uromination Test 
FOR Oils; h , Wiley's Pii’ette for Measuring Bromine in Chloro¬ 
form. 

the inner tube in such a way that none of the liquid is spilt upon 
its sides. The temperature is next observed with a thermometer 
graduated in tenths of a degree. A bromine solution, freshly pre¬ 
pared by adding i volume to 4 volumes of chloroform or carbon 
tetrachloride from a burette, is poured into a Wiley’s bromine 
pipette, which consists of a side-necked filter-flask fitted with a 
rubber cork, through which passes a 5-c.c. pipette and exhaust-bulb 
fitted on the side neck.' By compressing the bulb, 5 c.c. of^the 
bromine reagent can be with convenience pipetted, with stirring, 
into .the dissolved substance already placed in «the calorimeter. 
The maximum degree of rise in temperature is noted, as in the 
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Maumene test, the difference between the initial and maximum 
temperatures being stated as that of “ the heat of bromination 
number.” The experiment should be repeated until concordant 
results are obtained. 

For convenience eif comparison, a standard bromination liquid 
may be prepared by, for example, dissolving 7-5 grammes sublimed 
camphor in 25 c.c. carbon tetrachloride, and pipetting of this 
solution the usual 5 c.c. for bromination. In this way an average 
rise in temperature of about 4'2° C. should be obtained for the 
standard, the s]iecific temperature reaction for each oil being 
obtained by dividing the heat of liromination by this number. 

From experiment it has been ascertained that, by dividing the 
iodine number of various oils by the specific bromination tempera¬ 
ture reaction, the factor required for converting the latter value 
into the iodine number was ly'iS. • 

Elaidin Test. —Liquid olein is converted into solid elaidin by 
the action of nitrous oxide, which is a crystalline compound isomeric 
with olein, other common glycerides remaining liquid. The test 
involves determining the consistency of the resulting mass after 
such a reaction. 

Process .—Place 5 grammes of the fat or oil in a beaker, add 
7 grammes nitric acid (specific gravity, i'34), and alxiut 0-5 gramme 
copper wire or turnings. Warm the beaker and contents to 15° C., 
and thoroughly mix the nitrous oxide bubbles with the liquid by 
stirring. Set aside for two hours, noting the time taken for solidifi¬ 
cation. 

Lard-oil, pure olive-oil, almond or peanut-oils will turn into a 
solid white mass. Almost all the seed oils, particularly cotton-seed 
and mustard-seed, will turn into a pasty consistency. 

Free Fatty Acids—Solidifying-Point op Titer Test. 

Set free the fatty acids —vide Free Fatty 'Acids—froiij water 
by filtering, and allow to dry somewhat by standing in a porcelain 
dish for twelve hours in a desiccator. Melt the mass, and pour into 
a warm test-tube 3-5 centimetres in diameter, until it is half full. 
Insert the tube, by means of a wide-bored rubber cork, into the 
neck of a flask, and introduce a warm delicate thermometer into 
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the mass, moving it gently upwards and downwards in order to 
mix it thoroughly. The temperature will fall at first, and then 
slightly rise, remaining so for a very short period before again falling. 
The stationary point is taken as “ the solidifying-point or titer.” 

Unsaponiflable Matter.— Place lO gramipes of the fat or oil 
in a 250-c.c. flask, and saponify with a mixture of 25 c.c. alcoholic 
potassium hydrate and 25 c.c. alcohol under a reflux condenser. 
Dissolve the soap in about 40 c.c. warm water. Cool, and transfer 
the whole to a separating funnel, washing out the flask first with 
50 per cent, alcohol, and then petroleum ether. Shake up the 
mixture very gently with a rotary movement, in order to avoid 
forming an emulsion. An emulsion may be broken up by adding a 
little water (cold), or a little ether or alcohol. Allow the ethereal 
solution to separate out completely, and run off the .soap solution. 
Wash the ethereal solution several times with 50 jx'r cent, alcohol, 
adding the washings to the soap .solution in another separator, and * 
finllly wash the combined soaj) solution and washings twice 
with petroleum, and then ..dd the ethereal washings to the main 
ethereal solution. Run the ethereal solution and washings into a 
tared flask, evaporate off all I races of ether, and weigh the residual 
unsaponi^ablc matter. In th" presence of mineial oils, as certain 
of these are volatile, care must be taken to jircvent any loss of such 
by undue heating. 

Cholesterol and Phytosterol. 

Bath arc monatomic alcohols, combining with fatty acids to form 
esters. 

Cholesterol (C28H44O) forms white monoclinic laminae of melting- 



Fig. 31.—Cholesterol CRYgiALS under the Microscope (after Bomer.) 

point 145° and specific gravity 1-067. It is neutral, tasteless, and 
odourless, insoluble in water, soluble in ether and hot alcohol. 
Cholesterol occurs in animal fats and oils. 
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Phytosterol (C2jH440.Hj0) crystallizes in thin plates from ether 
or chloroform, and in needle-shaped tufts from alcohol, with melting- 
point about 132° C. It is somewhat akin to cholesterol in its pro- 
, perties. 

Estimation of Choiesterol and Phytosterol. — Boil 50 
grammes of the oil for five minutes in a flask connected with a 
reflux condenser with two separate portions of 75 c.c. of 95 per cent, 
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Fig. 32.—Phytosterol Crystals (after Bomrr). 

• 

alcohol, removing the alcohol by a separating-funncl. Goncentrate 
the combined alcoholic liquors in a flask to onc-fourth this volume, 
traii.ifer to a dish, and evaporate to dryness. Extract the dry 



Fig. 33.—Mixed Cholesterol and Phytosterol Crystals (after Bomer). 


residue with ether, and again evaporate to dryness ; repeat the 
extraction and evaporation, dissolve in hot 95 per cent, alcohol, 
crystallize out the cholesterol or phytosterol, and weigh. The 
crystals should afterwards be examined microscopically. 


Detection and Identlflcation or ous and Fats. 

Cases may arise where it is important to know, for example, 
whether the oil or fat is of an animal or vegetable nature, so that. 
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besides having recourse to the processes already described, the 
analyst must apply various discriminating tests, a few of which 
will presently be given. Of these, the colorations produced by the 
oxidizing action of nitric acid (concentrated), by silver nitrate and 
phosphomolybdic acid, are very useful in assessing animal or vege¬ 
table products, e.specially when taken into full consideration along 
with the data ol)tained by, for example, the iodine value, saponifica¬ 
tion number, and Reichert-Meissl figure ; besides which further in¬ 
formation is afforded, often in more obscure cases, by the specific 
gravity, melting-j)oint, refractive index, and other physical pro¬ 
perties. 

Cotton-seed-Oil— Becchi's Silver Nilrate Test (Hehner’s Modifi¬ 
cation).—Two grammes of silver nitrate are dissolved in 200 c.c. 
95 per cent, alcohol, free from reducing agents, 40 c.c. ether added, 
and the reagent very slightly acidified with nitric acid. Ten c.c. of 
the melted oil or fat are mixed with 5 c.c. of the solution in a test-tub^ 
or porcelain dish, and heated on the water-bath for fifteen minutes. 

The presence of cotton-seed-oil is demonstrated by a greater or 
less reduction of the nitrate. Various rancid oils free from cotton¬ 
seed, butter fat, and lard derived from animals fed on cotton-cake 
and fat^which have been overheated, give slight reductions with this 
reagent. 

Becchi's Test (MilUau’s Modification). —When doubt arises in the 
above test, this method of testing the fatty acids is preferable. 
Saponify 20 grammes of the oil or fat with 30 c.c. alcoholic 
potash in the usual manner, distilling off the alcohol, and dissolving 
thcfsoap thus formed in 250 c.c. of hot water. Slightly acidify with 
10 per cent, sulphuric acid, and wash the fatty acids, by decantation 
with water, three times. Apply the Becchi solution as above 
described. 

Halphen's Test. —Dissolve equal parts of amyl alcohol and carbon 
bisulphide (containing i per cent, sulphur), and mix it with an equal 
volunjp—say 3 to 6 c.c.—of the oil or melted fat in a test-tube, 
loosely plugged with cotton-wool, and heat in a boiling saturated 
solution of brine for fiftSen minutes. 

A deep red or orange colour will be produced by cotton-seed-oil, 
eveq as little as 2 per cent, being readily detected in this way, 
although prolonged boiling affects the results. 
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Cotton-seed-oil which has been heated to 250° C. does not produce 
a colour with this reagent. 

Arachis (Peanut) Oil—Rinard Test .—Saponify 5 grammes of 
the sample with 50 c.c. alcoholic potash (40 grammes per litre 95 per 
cent, alcohol), neutralize with acetic acid (phcnolphlhalein indi¬ 
cator), and transfer to a ^-litre flask, containing 60 c.c. 10 per cent, 
lead acetate, with 200 c.c. water. Boil for about a minute, and then 
cool suddenly ; carefully decant off the solution from the soap, and 
wash by decantation with cold water and then with alcohol. Add 
20 c.c. ether, close the flask, and dissolve the soaj), with agitation, 
heating it on the water-bath under a reflux condenser for five 
minutes. Cool down to 15“ to 17" C., and allow to stand for twelve 
hours. Filter, wash with ether, and again transfer to the same 
flask with boiling water which has been acidulated slightly with 
hydrochloric acid, making the whole up to 300 to 400 c.c. with the 
‘water. 

Allow the fatty acids to separate out, filter, wash with water, 
and then with 25 c.c. hot 95 per rent, alcohol. As the solution 
cools, the crystals of arachidic acid will separate out. Filter, and 
again wash with about 20 c.c. alcohol into another flask ; shake 
thoroughly, again filter, and wash with 70 per cent.* alcohol. 
Dissolve the precipitate in hot absolute alcohol, evaporate to dry¬ 
ness in a tared glass basin, dry, and weigh. Add to the weight thus 
obtained <)'0025 gramme for each 10 c.c. of 95 per cent, alcohol 
used in washing and crystallizing, if done at 15° C., and 0'0043 
gramme for each 10 c.c. if at 20° C. 

The weight of arachidic acid multiplied by 20 indicates, appfbxi- 
mately, the amount of peanut-oil present. 

The melting-point of the arachidic acid crystals should average 
71° to 72° C., and they should also be identified microscopically. 

Sesame-Oil — Badouin’s Test. — Dissolve 01 gramme cane- 
sugar in 10 c.c. hydrochloric acid (specific gravity, 1-20) in a test- 
tube, add 20 grammes of the oil, and sha*ke vigorously ijpr one 
minute. Allow to stand. The presence of i per cent, or more of 
sesame-oil will be indicated by a red colour in the aqueous solution. 

In doubtful cases the test is best carried out upon the fatty 
acids. 

The Sulphur Chloride Reaction.—WaxioviS. oils of vegetable origin 
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yield a hard product with sulphur chloride, similar to elaidin, whilst 
animal fats do not; so that in this way vegetable oils may, to a 
certain extent, be detected in the presence of those derived from 
animals. 

Process .—Five grammes of the oil or fat are mixed with an equal 
quantity of 2 c.c. of carbon bisulphide and sulphur chloride in a 
fared evaporating basin on the water-bath, and heated, with 
thorough mixing, until all volatile substances are expelled. The 
mass is washed free from oil on a filter with carbon bisulphide, dried 
and weighed, and its weight subtracted from the original weight 
of sample taken. The nature and consistency of the pasty or 
powdered mass is also observed, as vai'ious oils and fats yield 
different products. 



CHAPTER XI 


SUGAR AND SACCHARINE PRODUCTS 


Classification of Sugars. 

The term " sugar ” usually denotes cane or beet sugar (sucrose), 
but in its strictest sense is applied generically to a large class of 
compounds of the carlrohydrate group, having for the most part‘ 
tHe constifulion of hcxatomic alcohols (CfiHjjO^, mannite), or of 
aldehydes or ethers, these latter bodies, although not true sugars, 
sometimes possessing sweet flavours and the characteristic reactions 
of the sugars. 


Hexatomic Alcohols 
(QHhOh). 


Mannite, mannitol, dul- 
cite, dulcitol, isoclul- 
cite, isodulcitol, sor¬ 
bite, sorbitol. 


Glucoses (QHiaOiO. 


Sucro-dextrose, 
Dextro-glucose, 
Dextrose, grape-sugar, 
Starch-sugar, 
Sucro-levulose, 
Levo-glucose, levulose, 
Galactose, arabinose, 
Pectinose, eucalyptose, 
Eucalyn, sorbinose, 
Sorbin, inosite, 

Scyllite. 


Saccharoses (Cp^H-^aOn). 

Sucrose, saccharose. 
Cane-sugar, 

Lactose, lactin. 
Milk-sugar, maltose, 
Malt-sugar, mycose. 
Trehalose, melitose, 
Melitose, eucalyptin, 
Melezitose. 


. Sugars in foods are divided up into two main groups—saccharoses 
and glucoses—which are closely related. For example, by “ inver- 
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sion ” sucrose is converted by the action of heat or dilute acids into 
dextrose and levulose, both of which are glucoses. 

+H.O= C,Hi20„+C„Hi20„. 

Dextnjsc. Levulose 

Similarly, lactose is inverted into dextrose and galactose. 

On the other hand, the hexatomic alcohols and the glucoses are 
only slightly affected by treatment with acids, 

Cdiicoses and saccharoses rotate the vibratory plane of polarized 
light, and thus afford a means of estimating their amount present 
in solutions. 

Hexatomic alcohols are unfermentable, saccharoses either un- 
fermentable or only partially so with difficulty, while glucoses have 
a great tendency to ferment. 

Occurrence. —Cane-sugar or sucrose occurs in the sugar-cane, 
,beetroot, and in the juices of many plants— c.g., certhin palms and 
sorghum—and in many fruits in combination with invert sug^r 
(dextrose and levulose) in various amounts. 


(Payen). 

C.inc"Su}jar. 

Tol.il SuKar. 

Pineapple (Montserrat) 

•• h -33 

13-30 

Strawberry (Collima d’Ehrher<lt) 

• • b -33 

Tl-31 

Apricot 

.. 0 'O 4 


Apple, grey Reinette (fresh) .. 

.. 5 '28 

I 4-00 

Apple, grey Reinette (preserved) 

• • 3-20 

15 - 8.1 

Apple, English 

.. 2-19 

7-65 

Apple, Calville (preserved) .. 

• • «'43 

6-25 

Plum, Mirabelle 

.. 5-24 

8-67 

Plum, Reine Claude .. 

.. 1-23 

5-55 

Orange ,. 

. . 4*22 

8-58 

X^mon .. 

. . 0*41 

1-47 

Raspberry . 

2*01 

7-23 

Peach. 

0*02 

1-99 

Pear 

.. 0-68 

8-78 

Pear, St. Germaine (preserved) 

0-36 

7-84 


Cane-Sugar or Sucrose. —This is the most commonly occurring 
of all the sugars. It crystallizes from supersaturated solutions in 
monoclinic prisms, generally possessing hcmihedral face^ Its 
specific gravity is i'595. It melts at i6o%C., and on cooling does 
no 1 »recrystallize, but forms an amber-coloured solid. Wlien heated 
to a temperature above 160° C., it decomposes into dextrose and 
levulosan— * 


CijHjjOjj—CjHjjOj -i-CjHjjOj. 
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At still higher temperatures it loses water, and is finally charred 
to caramel (CuHigO,) and other complex bodies. 

Sucrose is very soluble in water, almost insoluble in absolute 
alcohol, and is insoluble in ether, chloroform, and many other 
anhydrous solvents. 

The action of sucrose upon the ray of polarized light is very 
useful, the specific rotatory power of its lo per cent, .solution being 
«„66-48‘’ and <tj73'8°. 

The sugar-cane is cultivated in many tropical countries, notably 
in the West Indies, Cuba, and the Southern Stales of America. 
The following is a tal)le by Allen :— 


Locality of Cane. 

Water. 

Sugar. 

Woody Fibre. 

Salts. 

Authority. 

Martinique 

.. 72 -T 

i8'0 

9*9 

— 

Pelligot. 

Guadaloupe 

.. 72*0 

1/-8 

9*8 

0*4 

Dupuy. 

Havana ? 

•. 77-0 

12-0 

II*C 


Casaseca. 

Cuba .. 

• • <>S -9 

177 

i6*4 

— 

Casaseca. 

Mauritius « .. 

. . 69*0 

20'0 

10*0 

) •') 

leery. 

Ribbon cane .. 

■ • 7^73 

13-39 

9-07 

0*39 

Avequin. 

Tahiti .. 

.. 76*08 

14-28 

8*87 

0-35 

Avequin. 


Averagre Composition of Ripe Cane Ash (Phipson). 


Silica.48-0 

Phosphoric acid .. .. ■. ■. ■ • 6’° 

Sulphuric acid .. ■ ■ • ■ • ■ • ■ 8-0 

Chlorine .. .. ■ ■ • • • • 4 'S 

Lime .. . ■ • • • • • ■ 

Magnejjia .. .. ■. • • • • ■ • 6*5 

Potash .. .. ■■ •• .18*0 

Soda. 2-0 

Iron, alumina, etc.* • • • • _2*o 


100*00 


Average Composition of Raw Cane and Beet Sugar Ash 
(Monier). 



Cane-Sugar. 

Beet>Sugar. 

Potassium and sodium carbonates ., 

, i6-5 

82*2 

Calcium carbonate..,. 

■ 49-0 

6*7 

Potassium and sodium sulphates 

160 

11*1 

Sodium chloride . 

9-0 

Nil. 

Silica and alumina. 

9-5 

NU. 


100-00 

100*00 
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Average Composition of Raw and Refined Sugar (Thorp). 


Raw Sugar. 



Cane-Sugar. 

Glucose. 

Water. 

Organic 

Matter. 

Ash, 

Gc)v)d centrifugal 

■ • 96-5 

075 

1-50 

0-85 

0-40 

Poor centrifugal 

. . 92*0 

2-50 

3-00 

175 

075 

Good Muscovado 

.. 91*0 

2-25 

5'00 

)-:o 

0-65 

Poor Muscovado 

. . 82-0 

7-00 

6*00 

3-50 

1-50 

Molasses sugar 

.. 85-0 

yoo 

5*00 

5-00 

2-00 

Jaggery sugar 

-■ 75-0 

II-O 

8-00 

4 *<x> 

2-00 

' lanilla sugar .. 

.. 87-0 

5-50 

4*00 

2-25 

1-25 

i 3 eet-sugar (first) 

95*0 

Nil. 

2-00 

1-75 

I ’25 

Beet-sugar (second) 

.. 9i'0 

0*25 

3*00 

3-25 

2-50 


Refined Sugar. 




Granulated sugar 

■ • 99 -« 

0*20 

Nil. 

Nil. 

Nil. 

White coffee sugar 

.. 91’O 

2-40 

5-50 

0‘8o 

0*30 

YelK»\v XC sugar 

.. 87-0 


6-00 

V 50 

i-oo 

Yellow ^ugar .. 

.. 82'() 

7-50 

6-00 

2-50 

2*00 

Barrel sugar 

.. 4O‘0 

25-00 

20-00 

20 -(X)t 

5 -O 0 


Analysis of Sugar Beet (Payen). 


Water .. .. ■. ■ • ■ ■ ■ • * ■ 

Sugar .. .. .. • • ■ ■ • ■ * * 

.Cellulose .. 

Albuminous matter . .. •• i ’5 

Fatty matter. 

Pectin matter, phosphates, etc. .. •. > • 37 


100 * I 


Maple-Sugar.— This sugar is obtained by boiling down msple 
sap in open pans. It is frequently adulterated with molasses or 
cane-sugar, golden syrup and glucose. 

The ash of pure maple-sugar varies from 0'35 to 0’40 por cent. 

Sorghum. —^The cultivation of sorghum, maize, and pearl millet, 
and the extraction of the sugar from their stalks, has been investi¬ 
gated by the U.S.A. Department of Agriculture, and is not i^ed to 
any extent. 

Dextrose or Grape-Sugar. — Dextrose (CsHuOj.HjO), fre¬ 
quently called "glucose” or "starch-sugar,” occurs in honey with 
levulose, and in various fruits, together with levulose and cane- 
sugar. It is obtained by the action of dilute acids on certain fer- 

9 
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ments, upon starch, certain gums, dextrin, cane-sugar, and'other 
vegetable matters. 

Dextrose is less soluble and inferior in sweetening power to cane- 
sugar. 

The specific rotatory power is 

Levulose is sometimes called “ fruit-sugar,” and occurs along 
with dextrose in honey and in certain fruits. It is obtained by 
the action of dilute acids on inulin, and is usually in the form of 
a syrup which is capable of being crystallized only with great 
difficulty. 

Levulose is sweeter than either dextrose or cane-sugar, and is 
more soluble than the former. The cupric-reducing powers of 
levulose and dextrose are accepted as being identical. 

The specific rotatory power of levulose at 15" C. is a„-98’8°, 
decreasing by^0-6385“ C. for each increase of 1° C. in temi)erature. 
At 87'2“C. its rotation is -52-7°, being equivalent to, but opposite 
in direction to, that of dextrose at the same temperature. 

Milk-Sugar, Galactose, or Lactose.—I-actose is formed from 
the whey of milk, after purification and concentration in vacuo. 

Freshly prepared solutions of lactose exhibit a greater optical 
activity,than after keeping. This action, which is known as “ bi¬ 
rotation,” is perhaps due to the presence of two modifications of 
bi-rotating sugars (isomeric glucoses)— (a) and (6)—one of which 
is ultimately converted into the latter either by standing for some 
time or upon heating. 

The specific rotatory' power of lactose after overcoming its bi- 
rotittion is a„52-5“. 

Rafflnose (CigHsjOm.sHaO).— This sugar belongs to the class 
called saccharoids, or saturated alcohols, of which mannite is the 
tyqre. It occurs in large quantities in Australian manna (certain 
eucalypti), in cotton-seeds, and in beetroot molasses to the extent 
of from 3 to 4 per cent., being more soluble than cane-sugar. Its 
crystals have peculiar terminal points, soluble in water, and pos- 
sessir^ a slightly sweetish taste. It does not reduce Fehling’s solu¬ 
tion, readily undergoes, fermentation, yielding ujwn hydrojysis 
fructose and melibiose (CigHggOjj). 

The specific rotatory power of raffinose at 20° C. is «bI 04 ' 5 °- 

Maltose op Malt-Sugar occurs in fine crystalline needles, 
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and is a constituent of commercial glucose, being formed by the 
action of ptyaline in the process of digestion, and also when starch 
is acted upon by diastase at 55° to 60“ C. 

Freshly prepared solutions of maltose arc bi-rotatory, which, con¬ 
trary to lactose {q.v.), increase on standing. 

The specific rotatory power of anhydrous maltose is a,,139-2'’, 
«ji54-5°- 

Commercial Glucose. —Dextrin, often called “ British gum,” 
occurs in bread and in commercial glucose. It is an amorphous, 
colourless, tasteless substance, forming on hydrolysis with acid 
dextrose. 

Its specific rotatory power is a,,200°. 

Commercial dextrin consists.largely of erythro-dextrin, yielding 
a brown coloration with iodine. Pure dextrin is not coloured by 
iodine, and has no cuiiric-reducing power. 

Commercial glucose, grape-sugar, starch-sugar, mixing or crystal 
syrup, is largely used by brewers and preserve manufacturers. 

Starch glucose is manufactured in France and Germany from 
potato starch, and in America from maize starch, by boiling with 
a I to 3 per cent, solution of sulphuric acid, the residual acid being 
subsequently eliminated by neutralization with lime or chalk. 
The resulting clear solution is filtered through bone black, and 
concentrated either to a thick, almost colourless syrup or to a 
solid mass. 


Dextrin 
Maltose 
Dextrose 
Ash .. 
Water 


Percejitage of 
Syrup. 

29-0 to 45*0 
4‘0 to 19-0 
34*0 to 36-0 
0'3 to 0*6 
14-0 to 17*0 


Percentage of 
Solid. 

0*0 to 9*00 
()•() to 2*00 
70-0 to 99-5 
0-3 to 0-75 
0-6 to 17-00 


The Polarimeter and Saccharimetry. 

Most sugars alter the plane of polarization of a ray of light, not 
only in their solid condition, but also in solution, the decree of 
rotation being directly proportional to tlje concentration. 

For a complete description of polariscopes and jwlarimetry the 
reader is referred to the special text-books by Landolt, Rolffe, and 
others. 


9-2 
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The form of instrument most in use in this country and in the 
U.S.A. is that of the Solcil-Ventzke, provided cither with a double 
or triple shade device, the best-known makers being Messrs. Schmidt 
and Haensch, and Julius Peters, Berlin—the instruments of the 
latter maker differing in the main from that of the former in the 
mounting, the latest instruments being fitted with Lippich prisms, 
the optical parts being enclosed in dustproof boxes, which largely 
mitigate the effects of sudden changes of temperature. 

The normal weight (number of grammes substance in lOO c.c. 
solution) used in the Soleil-Ventzke instruments is 26'048 grammes. 

Specific Rotatory Power. —This is a term used to express the 
comparative optical activity of various substances, and is the 
angular degree or degrees through which the plane of polarization 
of a ray of light of known wave-length is rotated in traversing a 
thickness of i decimetre of substance, prepared by dissolving 
I gramme in i c.c. water in a column i decimetre in length. ' 

(The “ absolute ” specific rotatory power is that of a pure solid. 
When this is unattainable, that of its solution is known as the 
“ sensible ” or “ apparent ” specific rotatory power. 

The actual rotatory jrower of a solution varies directly with the 
length 0^ the column traversed by the ray, with the degree of con¬ 
centration, and with the wave-length of the light. 

The specific rotatory power is expressed as «„ or a,, according 
to the character of the light. D indicates the monochromatic or 
sodium flame, and / the transition tint or complementary to the 
yellow light. 

TJie specific rotatory power is found as follows : 


Where a equals the degree of angular rotation observed; 

Where I equals the length of tube in decimetres; 

, Wh|re c equals the degree of concentration in grammes' per 

100 c.c. of the fluid. 

• , 

Preparation of Solution for the Polarimeter.— Mix the 

sample thoroughly, and weigh out as rapidly as possible the standard 
quantity (if the'Soleil-Ventzke is used, this will be 26-048 grammes) 



SUGAR AND SACCHARINE PRODUCTS 


133 


in the tared Gerinan-silvcr dish, weighing to 0-005 gramme, and 
introduce it into a loo-c.c. flask. It is absurd to weigh out the 
normal weight to milligrammes, as it is impossible to read the 
meniscus of the solution in a loo-c.c. flask to less than a centigramme 
—that is, equal to an error of o-oi per cent.—and in endeavouring 
to weigh more accurately some substances arc so very hygroscopic 
that the time thus involved entails even a greater error. The 
official German method is to wash the substance into the flask until 



Fig. 34. —PoLARiscopE and Accessories. 


the flask is three-quarters full, and shake until the contents are all 
dissolved. The flask is then filled up to the mark at the required 
temperature and well shaken up. 

Many aqueous solutions are opaque and require clarification. 
This is done by adding usually about 2 c.c. of a solution of basic 
lea^ acetate ofispecific gravity 1-25 before making up to the mark. 
Any foam may be dispelled by adding i drop of ether to the top of 
the solution. -After thorough admixture, the solution is filtered 
through a dry filter into a dry cylinder, rejecting the first few drops. 
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The cylinder is covered with a glass to prevent evaporation. The 
nature and amount of the clarifier used depends on the class of 
sugar under examination. The only rule is: Use as little clarifier 
as possible. If too little lead is used, the clarification is incom¬ 
plete ; if too much, the solution becomes cloudy after filtration; 
if the proper quantity has been added, a rapid coagulation and 
settling will take place, leaving a clear solution. A very opaque 
solution should not require more than about lo c.c. lead. The 
use of lead should be followed up by the addition of a smaller 
quantity of cream of alumina, as the presence of the former salt 
tends to increase the readings. A 5 per cent, solution of common 
salt also answers the jmrpose very well. The French plan of treat¬ 
ment with animal charcoal is objectionable, owing to the absorp¬ 
tion of a certain amount of the sugar. This may be rectified to 
a very great e.xtent by merely filtering through a layer of the^ 
charcoal and rejecting the first runnings as being weak in rugar 
cofttent. Carefully avoid all air-bubbles in the observation tube 
and undue pressure of the cover-glasses, as the strain sets up an 
unequal distribution of density, and thus causes a rotating effect 
on the light rays. The field should be as evenly and brightly 
illuminated as possible, and sharply focussed. 


Estimation of Sucrose in Presence of Glucose. 

Sucrose is inverted by the action of dilute acids, invertase or 
yeast, into the two sugars, dextrose and levulose, in equal propor¬ 
tions, the resulting product being termed invert sugar. 

The rotatory power of levulose, unlike that of sucrose and dex¬ 
trose, is dependent ujxin the temperature, so that, as the specific 
rotation of levulose and dextrose are assumed as equal, a solution 
of invert sugar at 87-2° C. jwlarizes at zero, whilst, as the tempera¬ 
ture decreases from Sy’Z® C., the rotatory power of the levulose 
increas^es, till at 0“ C. a normal solution of invert sugar would 
polarize at -44°. 

Where S equals the percent, sugar, a equals the direct polariza¬ 
tion, b equals the invert polarization, and t equals the tempera¬ 
ture, |he formula worked out by Clerget for obtaining the per¬ 
centage of sucrose present in a mixture of sucrose and invert sugar, 
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based upon the rotation of cane-sugar before and after inversion, 
is— 

100 («-/>) 

144’ 

assuming that a normal solution of sucrose polarizes at 100° before 
inversion and —44° after inversion, decreasing 0-5° for each degree 
in temperature above 0° C. 

The process of inversion usually causes an increase in bulk in 
the solution. This increase is corrected by using a 22-centimetre 
tube for the invert readings instead of a 20-centimctre, as in the 
case of the direct polarization. This inversion tube, as it is called, 
is provided with a short vertical thermometer tube, and is water- 
jacketed, so that a constant temperature may be sustained through¬ 
out the period of readings. 

Process of Inversion. —Fifty c.c. of the clarificil solution used 
in the direct polarization are placed in a 50-c.c. flask, 5 c.c. ain- 
centrated hydrochloric acid added, and the whole well mixed. 
It is convenient for this jmrpose to have a flask graduated both at 
50 c.c. and, at 55 c.c. The flask and contents are then heated on 
the water-bath in such a way that in the course of ten minutes the 
temperature will have risen to 68° C. The solution having been 
kept at this temperature for five minutes, is then suddenly cooled 
to that of the laboratory, decolourized if necessary with animal 
charcoal, transferred to the 22-ccntimetre tube, and polarized. If 
a 20-centimetre tube be employed, 10 per cent, must be added to 
the reading.. 

Molasses and other dark-coloured products may be observed in 
a 100 or no centimetre tube, should the solution be too dark, and 
the reading multiplied by 2. 

When extreme accuracy is required, however, Wiley’s double 
dilution method should be employed, which makes allowance for 
the large volume of precipitate obtained in clarification. 

Ft)r this purpose a half-normal weight of the sample, after clarifi¬ 
cation, is made up to 100 c.c., as well as a normal weight rflade up 
to the same volume. The direct and invert readings are taken in 
both instances, the true reading being that of the product of the 
half-normal and normal readings divided by their difference in 
either direct or invert polarizations. 
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Molasses, etc., are frequently adulterated with commercial 
glucose, the presence of which is indicated by an extra high direct, 
together with a dextroinvert, polarization. 

The optical activity of commercial glucose is due to the presence 
of dextro-maltose and dextrose, together with small amounts of 
higher saccharine compounds. 

An approximate estimate of the amount of this substance prfsent 
in a sample of molasses, etc., may be obtained by the use of the 
formula— 

(a-S) 100 

175 ’ 

where G equals the j)er cent, common glucose, a the direct polariza¬ 
tion, and S the per cent, sucrose obtained by Clerget’s formula. 

A more accurate and perhaps easier method is that of Chandler 
and Rickett. .Invert sugar, as has already been mentioned, is 
optically inactive at 87-2° C., owing to the neutralizing effect of 
thd levulosc' upon the dextrose rotation, while the rotatory power 
of starch-sugar is unaltered by increase in temperature. 

If the prepared solution be, therefore, polarized at this tempera¬ 
ture, the specific rotation of the starch-sugar alone will be observed. 
Unfortun«,tely, the exact estimation of commercial glucose is im¬ 
possible, owing to its varying composition. 

Estimation of Sugars by Cupric Reduction. 

All common sugars, with the exception of sucrose, possess the 
powfr of reducing alkaline cupric solutions. 

Of the varied solutions, that of Fehling, which is an alkaline 
tartrate solution of cupric sulphate, and has many modifications 
in formula and use, is the most commonly used. It is prepared in 
two stock solutions, the mixture of equal parts of which produce 
the reagent. 

1. Copper Solution. —34'6j9 grammes pure recrystallized copper 
V sulphatfc dissolved in distilled water and diluted to 500 c.c. 

2. Alkaline Tartrate Solution .—Seventy grammes pure caustic 
soda and 180 grammes recrystallized Rochelle salt dissolved in dis¬ 
tilled water and diluted to 500 c.c. 

The'solutions are mixed as required, are frequently tested as to 
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their freshness by diluting with an equal quantity of distilled water, 
and boiled with it for a few minutes, when they ought to remain 
clear, and are standardized against a O'5 per cent, aqueous solution 
of pure anhydrous glucose, 10 c.c. of which should exactly reduce 
10 c.c. Fehling’s solution. In the estimation of reducing sugars by 
Fehlipg’s solution it is necessary to neutralize all free acid in the 
sacc|jarine liquid, and in volumetric determinations the latter 
should be as clear and colourless as jiossible. 


Volumetric Estimation by Fehiing’s Solution. 

The sugar content of the liquid should not be more than 0'5 to 

1 per cent. This can easily be arranged by carrying out a rough 
preliminary assay. 

Measure out exactly, by means of a pipette, 10^ c.c. Fehling’s 
solution into a .small flask, add jo c.c. water (the amount of dilution 
should be as constant as possible), and heat to boiling owr a Bunsen 
burner. While boiling, run in from a burette the sugar solution, 

2 c.c. at a tjine, boiling for an equal jieriod (usually two minutes by 
stop-watch) after each addition. 

As the colour disappears, smaller quantities of the ;jjiccharine 
liquid must be added, until after two minutes’ boiling the copper 
is all reduced to cuprous oxide, leaving a colourless or only faintly 
yellow supernatant fluid. If all the copper is not reduced, a faint 
blue film will be observed upon hokling the flask ujr to a brightly lit 
window. The exact end-point is ascertained by filtering a few 
drops of the supernatant liquid, and testing with acetic acid,and 
potassium ferrocyanide, when a more or less reddish-brown pre¬ 
cipitate or coloration will indicate unreduced copper. A better 
indicator, which docs not require filtration, is prepared by boiling 
0-05 gramme starch with a few c.c. of wafer, adding 10 grammes KI, 
and diluting to 100 c.c. About 0'6 or i c.c. of this solution is taken, 
acidified with a drop or two of acetic acid, and one drop or more 
of the unfiltered assay solution added (upon a clean whifc tile). 
A 9olour varying from red to blue will ho produced as long as any 
unreduced copper is present. The end-point is observed by the 
absence of any coloration. This solution does not keep, as a rule, 
more than a few hours. 
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The titration should then be repeated by running in almost all 
the sugar solution necessary into the boiling Fehling, and boiling 
for a period of two minutes after each addition until a variation of 
not more than o-i c.c. sugar solution is obtained. 

The foll<^wing are the equivalents of Fehling’s solution : 


10 c.c. Fcliling's solution = 


'0'05«) gramme dextrose, levulose, or invert sugar. 
0-047 s gramme cane-sugar (.after inversion]^ 
0-0678 gramme lactose. 

.0-0807 gramme maltose. 


In estimating sucrose by Fehling’s solution the solution is in¬ 
verted in the usual way {vide Polarimetric Analysis) with 5 c.c. acid, 
carefully neutralized with caustic soda, and diluted lo 0-3 or i per 
cent, strength before titration. 


Gravimetric Estimation by Fehling's Solution. 

Sixty c.c. Fchling’s solution are mixed with Oo c.c. water in a 
behker, aiKl’lieated by placing the beaker in boiling water. Twenty- 
five c.c. of the dilute sugar solution are then added, and the whole 
replaced in the hot water for ten minutes, care being taken to 
ensure excess of Fehling. The liquid is then rapidly filtered through 
a Gooch* filter, washed with boiling water, dried, and weighed 
either as CujO, or, better, strongly ignited and weighed as CuO. 



Glucose. 

Cane<Sugar 
(after Inversion). 

Lactose. 

Maltose. 

Cu 

• • 0-5634 

0-5395 

(>•7707 

0*9089 

CujO .. 

.. 0-5042 

0*4790 

0-6843 

0*8152 

CuO .. 

-- 0-4535 

0-4308 

0-6153 

•0*7314 


Volumetric Estimation by Pavy-Fehling’s Solution. 

This process, which is dependent upon the fact that in a strongly 
ammoniacal solution the cuprous oxide is held in a colourless solu¬ 
tion, is an extremely useful method for estimating sugars in admix¬ 
ture with other substances which require a more or less te(Jious 
proces# of preliminary separation— e.g., milk and beetworts. 

Preparation of' Solution. —One hundred and twenty c.c. 
Fehling solution are diluted with 300 c.c. ammonia (specific gravity, 
i'88o) and 400 c.c. caustic soda (specific gravity, J14; equal to 
12 per’cent.), and the liquid made up to 1,000 c.c. 
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Then lOO c.c. Pavy will equal 0-050 gramme glucose (equal to 
10 c.c. Fehling). 

Process.— One hundred c.c. of the cupric solution are placed in 
a flask, and the dilute sugar solution run in while boiling from a 
burette in the ordinary way. The reaction is somewhat slower 
than with the Fehling test, but the end-point is very sharp. 



CHAPTER XII 

TEA, COFFEE, AND COCOA 
Tea. 

Tea is the dry leaf of the species Thea of the genus Camellia, the 
appearance of which, whether black or green, depends ujwn the 
mode of preparation. The crop is gathered four times each season, 
the leaves being assorted according to their age, the finest teas 
being obtained from the youngest leaves from young shrubs. 
Fernierly ‘‘•green teas ” were much in demand, amongst them being 
Capers, Gunjxjwder, and Hy.son. Caper teas are, however, more or 
less adulterated, as a rule. They are dried by roasting shortly after 
collecting. To obtain black tea, the leaves are allowed to partially 
ferment Jay remaining in heaps for about twelve hours, when, after 
further treatment, they are gradually roasted over open charcoal 
fires. To this class belong Assam, Indian, Ceylon, and Japanese, 
Kaison, Moning, and Oolong. 

The constituents of tea arc essential oil, theinc, quercitin, tannin, 
boheic acid, gallic acid, oxalic acid, querci-tannic acid, chlorophyll, 
gui#, resin, wax, substances of albuminous, fibrous, and colouring 
nature, and mineral matter or ash. 

Tea may be adulterated by the addition of exhausted leaves, or 
the leaves of the willow, sloe, etc., from which it may be distin¬ 
guished by microscopical examination. For this purpose the leaf 
to be examined may be prepared in two ways; First, place the 
portion between two glasses, weighing them with a piece of sfiver, 
and tHfen bum the leaf carefully over a thin sheet of either silver 
or platinum. Secondly,»after securing the leaf as before between 
two cover-glasses with a suitable weight, heat gently in a strong 
alkaline solution of potassium permanganate, takipg care not to 
overdd the action. After all organic matter except the skeleton 
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structure has been destroyed, the leaf may be carefully washed by 
rinsing in water and hydrochloric acid to clear it, and examined 
microscopically. 

Tea is frequently mixed with mineral matter— e.g., sand, magnetic 
iron ore, quartz, mica, and the like—notably Capers and Congou. 

For strengthening the colour of the extract and its astringency, 
catecjiu and alkalies are added. 

Teas are also faced, particularly green teas, by mixing with 
indigo, turmeric, graphite, etc. 

The following is the mean analysis of sixteen teas by Konig : 


Moisture 

Nitrogenous substances 
Theine 
Ethereal oil 
Fats and waxes 
Gums 
Tannin 

Other free nitrogenous matter 
Fibre 
Ash 


11*49 
21‘22 


1*35 

0*67 


3-62 

7-J3 

12-36 

1675 

20-30 

5-11 


Total 


100-00 


Moisture. —This is estimated by drying between tare^l watch- 
glasses at 100° C. 

Theine. —Six grammes of finely powdered leaves are boiled 
under a reflux condenser with 500 c.c. water for about six hours, 
filtered, and washed with water till the filtrate bulks about (loo c.c. 
Heat to almost boiling, add about 4 grammes lead acetate, and 
boil for ten minutes under the reflux condenser. Enough Ifad 
must be added to effect complete precipitation, leaving a colourless 
supernatant layer. Pass through a dry filter. Evaporate 500 c.c. 
(equal to 5 grammes tea) down to 50 c.c., precipitate all excess of 
lead by the addition of a little sodium phosphate, filter, wash, con¬ 
centrate filtrate and washings to about 40 c.c., and extract the 
alkalbid by six repeated treatments with chloroform in a separating- 
funnel. Place the chloroform solutions in a tared flask, eva^)orate 
off all traces of chloroform on the water-fcath, and weigh the re¬ 
maining alkaloid. 

Nitrogen. —^Jhis is estimated by Kjeldahl’s method. 

Extract. —Two grammes of the finely powdered tea are boiled 
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for one hour in loo c.c. water, filtered hot, and the residue boiled 
repeatedly with 50 c.c. water till all colouring matter is extracted. 
The cooled combined extractions after filtration are made up to a 
fixed volume, an aliquot part taken, evaporated to dryness, and 
weighed. The residue dried and weighed yields the insoluble matter. 

Tannin. —This may be rapidly estimated by titrating the tannin- 
containing solution by a solution of lead acetate (0'5 per cent.), 
using an ammoniacal solution of potassium fcrrocyanide as an indi¬ 
cator (5 milligrammes K4FeCy„ and 5 c.c. NH4OH in 5 c.c. HjO). 
The lead solution is standardized against a 01 per cent, solution of 
pure tannin. The tannin may also be estimated by Lowenthal’s 
process. 

Ash.— The total ash is obtained by gently igniting i to 5 grammes 
in a platinum dish. The residue is extracted with water in order 
to ascertain the soluble and insoluble. 

Gum. —An aqueous extract is concentrated to a paste, extracted 
wjth methylated spirit, filtered, washed, and the gum extracted 
from off the filter with hot water, evaporated to dryness in a tared 
dish, and weighed. 

Coffee. 

Coffee consists of the dried and toasted seeds of the Coffea Arabica, 
of the or^er Cinchonaceae, and is obtained from India, Ceylon, Java, 
Arabia (“ Mocha ”), and Brazil. 

The main constituents of coffee are : essential oil, concrete oil, 
theine or caffeine, an alkaloid “ cacccarine,” caffeo-tannic acid, and 
manno-arabinose. 


TJhe following are analyses of coffees by Bell;— 

“Mocha” Coffee. 
Raw. Roasted. 

East India Coffee. 
Raw. Roasted 

Moisture 

8-98 

063 

9-64 

I-I 3 

Caffeine 

i*o8 

0-82 

1*11 

1-05 

Saccharine matter .. 

9-55 

0-43 

8’90 

0*41 

Caffeic acids .. 

Alcoholic ext.act, containinp: nitro- 

8-46 

4-74 

9-58 

4*52 

genous and colouring matter .. 

6'90 

14-14 

4-31 

12-67 

Fat and oil. 

I2'6o 

13-59 

U'8i 

13-41 

Legumin and albumin 

9-87 

11*23 

11-23 ‘ 

13-13 

Dextrin 

0-87 

1*24 

0*84 

■ -1-38 

Celiulose and insoluble matter 

37-95 

48*62 

38-60 

47-42 

Ash. 

3-74 

4-56 

• 3-98 

4-88 


100*00 

100*00 

100*00 

100^00 
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Specific Gravity. — This determination shows whether the 
berries have been artificially moistened or not. Konig found, for 
example, that coffee roasted with glucose syrup caused an increase 
of 7 per cent, of moisture. The specific gravity of genuine raw 
coffee ranges from 1-368 to 1-041, and that of roasted berries from 
0-635 to 0-500. The specific gravity may be determined either in 
Regnault’s volumenoi-neter modified by Dupre, or by filling a 56-c.c. 
flask with the berries up to the graduation mark, noting the weight, 
and again noting the weight when the flask is filled with mercury 
to the same mark, the increase in weight being due to the mercury 
filling the spaces between the coffee berries. 

Weight of berries in grammes x 13-59 1 _ Specific gravity of 

50 c.c. X 13-59-weight of interstitial Hg.j the berries. 

The other constituents arc determined as in tea. 

, Fictitious coffee is formed from chicory, bran, flour, seeds of 
various kinds, date-stones, etc. These are observed on microscopic 
examination. A. Franz states that a 10 per cent, infusion of coffee 
in boiling water, when treated with a 2-5 per cent, solution of copper 
acetate, yields on filtering a greenish-yellow solution, an infusion 
containing chicory yielding under similar treatment a dark brown 
filtratCj changing on standing. 1 

Ash, —Pure coffee yields a white ash of from 3-5 to 5 0 per cent. 

Cocoa and Chocolate. 

Cocoa is the seed of the Theobroma cacao, of the order Byttneriaceae, 
existing in Central America, South America, West and East Indies, 
etc. The fruit contains twenty-five to forty ovate, flattened 
seeds, covered with a thin, brittle shell. The seeds are fermented 
before separation, and then slowly dried, the flavour and aroma 
being altered from a disagreeable to that of a pleasant one, largely 
owing to the method of manipulation. The dried seeds are ex¬ 
ported, roasted, separated from the shell, and ground. 

The following are the average analyses of eight samples by Konig : 

Moisture. Oil. Sturcli. Cellulo.se. Asb. 

Cot^a bean (shell-free) 3-25 i4-7<5 49-06 13-31 3-68 3-65 

Cocoa husks .. .. 7-83 14-29 0-38 — 14-^9 7->2 

Cocoa may he adulterated with sugar, starches, Venetian red, 
brick-dust, peroxide of iron, ochre, and various pigments. 



CHAPTER XIII 


ALCOHOL AND FERMENTED BEVERAGES 
Formation of Alcohol. 

Ai.COHOl is formed by the spontaneous fermentation of grape- 
sugar. Grape-sugar or dextrose is formed within plants by the 
saccharous fermentation of starch and dextrin : 

1. 2C„h,a+H20=c«h,o05+c„h,a. 

Suirch. Dextrin. Dextrose. 

2 . C„H,„ 0 , + H./.)=C„HiA- 

Dextrin. Dextrose. 

3 . C„H,A =2CAP + 2C02. 

Dextrose or (impe-Sugar Alcohol. Carbon Dioxide. 

These equations represent theoretically the conversion of a starch 
into alcohol and carbon dioxide, showing no by-products. The 
actual yield, however, is about 95 per cent, of the above, together 
with about 5 per cent, of succinic acid, glycerin, higher alcohols 
and ethers (or esters), and traces of other complex substances. 

Alcoholic products may be divided into two classes : (i) Distilled 
or potable spirits ; (2) Fermented liquors. The latter class is sub¬ 
divided into: (rt) Malted and brewed liquors—r.g., beer; and 
(b) Directly fermented (sjwntaneous) saccharine materials or juices 
— e.g., wines. 

Analysis of Alcoholic Liquids. , 

» Speeifle Gravity. —This is determined by any of the usual 
methods at 15-5° C. . ^ 

Estimation of Alcohol— Dy Specific Gravity.—lAqaovs which 
leave little or no extractive matter upon evaporatjpn may be, for 
approximation, considered as containing only alcohol and water. 
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The specific gravity is therefore applied direct to the alcohol 
table. 

By Evaporation .—^The specific gravity having been taken, a 
quantity of the sample (50 to 100 c.c.) is concentrated to 25 per 
cent, its original volume in an open vessel, the residue being 
made up to the original volume. The specific gravity of, this 



Fig. 35.—Distillation and Estimation or Alcohol with 
Specific-Gravity Bottles. 


solution is now taken, and subtracted from that of the original 
specific gravity + i. E.g., the specific gravity of samplf was 
0-8332, and specific gravity of residual solution (after making up 
to bulk at same temperature) 0-9263 ; then 1-8332-0-9263= 0-9289 
= 32-82 per cent, absolute alcohol (by volume). 

By Distillation.—A suitable quantity (usually 100 c.c.) of the 

10 
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sample is measured at I5‘5° C. in a graduated flask, ncutralizcci 
with alkali, and distilled into the same flask until the residue 
occupies not more than 25 per cent, of the original volume in the 
case of beer and light wines, etc., and almost to dryness in the case 
of highly alcoholic liquors, as brandy and whisky. 

The whole apparatus should be made of good glass, the con¬ 
denser preferably being of the upright worm or American double¬ 
surface condensing patterns. 

The receiver should he jflugged loosely with cotton-wool, and 
kept cool in warm weather in iced water. 

The distillate, having been made up to the original volume with 
distilled water at 15-5° C., is well mixed, and its specific gravity 
taken at that temperature. The jforceutage of alcohol present in 
the sample is obtained by referenci' to the alcohol tables. 

“ Proof spirit,” by Act of Parliament, is defined as that of a 
liquid having a specific gravity of oapqSq at 15-5° C., correspond¬ 
ing, therefore, to 40'24 ])cr cent, by weight, or fiyof) per cent, by 
volume, of absolute alcohol. If higher in strength, it is said to be 
"over-proof”; if lower, then ‘‘under-proof.” /i'.g., a liquor 
having qo per cent, by volume of alcohol and 10 per cent, water 
would bq termed “ 10 degrees under jrroof.” 

Extract, —This is estimated by evaporating a measured volume 
to drjmess, and weighing the residue or ‘‘ extract.” Highly sac¬ 
charine liquors, owhng to dehydration of the sugars, should be 
dried at a temperature not exceeding 75“ C. in vactio. 

Ash.—^The residue or extract is ignited at a low red heat till 
conaplctely white, and weighed when cool. 

Distilled ok Potable Liquors. 

The distillate from an alcoholic infusion or mash varies in its 
character and composition not only in accordance with the process 
in use, whether in a jxit or patent still, but with the rate ofedis- 
tillatiSn, state of rectification, and class of materials employed. 
The simpler form of old copper still and worm, known as the “ pot- 
still,” used in the manufacture of whisky, brandy, and rum, yields 
a very impure spirit, having a high content of secondary products, 
which^mpart to it more or less harshness. 
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Such characteristics may be overcome by maturing in casks or 
partial rectification. The product of the “ patent,” or what is 
commonly termed “Coffey,” still is much less llavo\ired, and con¬ 
sists very largely of pui'e (ethyl) alcohol or “ silent spirit.” This 
featureless article does not require maturing, and is flavoured with 
more or less pot-still spirit or artificial chemical flavourings,.com- 
jiosi^l of the higher alcohols, aldehydes, and esters. It is now 
possible to obtain spirit of ()5 per cent, alcohol in two distillations. 
The results of analyses of the secondary products or impnreUs are 
usually expressed in parts or grammes per 100,000 of absolute 
alcohol. 

Mmthods of An’.m.ysis. 

All corks should be covered with tinfoil. Two hundred c.c. of the 
sample should be distilled <lown to 20 c.c., the distillate made up 
to the original volume at 15-5° C., and the specific.gravity deter¬ 
mined m the usual manner, from which the alcoholic content is 
ascertained. In this distillate the aldehydes, furfural, higher 
alcohols, and ethers are tletermined. 

Volatile and Fixed Acidity.— The total acidity is first deter¬ 
mined by titrating 25 c.c. ot the sample with soda. Another 
25 c.c. is evaporated several times to dryness upon the wr.ter-bath, 
and also titrated with j', soda, using pbcnolphthalein as indicator. 
The latter number of c.c.’s used multiplied by 0-0075 gives the 
fixed acidity expressed as tartaric acid, and the difference of amount 
in c.c.’s between the first and second titration multiplied by 0 006 
shows the volatile acidity as acetic acid. 

Aldehydes. —Dissolve 0-15 gramme fuchsine in 150 c.c. wSter, 
. and add to it lOO c.c. of an aqueous solution of sodium bisulphite 
(specific gravity, 1-360) and also 15 c.c. of 66 per cent, sulphuric 
acid. Shake up well, and allow to stand till colourless. Also 
prepare a i per cent, solution by weight of pure acetic aldehyde in 
50 per cent, alcohol. 

Kacc 10 c.c. of the above-mentioned alcoholic distillat^ in a 
graduated cylinder (50 c.c. size), add 4 c.c. fuchsine solution, and 
make up to 20 c.c. with 50 per cent, alcohol. Also treat 5 c.c. of 
the standard aldehyde solution in a similar manner, and compare 
the tints after the lapse of twenty minutes in the usual colorimetric 
way (vide Estimation of Ammonia in Water, Nessler solution). 

10—2 
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Higher Alcohols. —One hundred c.c. of the distillate to be 
tested are brought to 50 per cent, strength, placed in a 250-c.c. 
distillation-flask, and 2 to 3 grammes chlorohydrate of meta- 
phenylcnediamine or phosphate of aniline (i c.c. pure aniline and 
I c.c. phosphoric acid, specific gravity i'453) are added, together 
with 'a piece of platinum foil to prevent bumping, and the liquid 
boiled gently under a reflux condenser for an hour, cooled, < and 
then distilled, the time occupied in distillation being limited to 
forty minutes. The distillate is received into a 75-c.c. graduated 
flask, so that after shaking it will be of (iG-y per cent, strength. 
Ten c.c. of this distillate are pipetted into a lOO-c.c. dry flask, and 
10 c.c. monohydrated colourless sulphuric afid added with caution. 
After shaking, the mixture is allowed to remain at 120° C. for an 
hour in a calcium chloride water-bath. A standard comparison 
solution of the same (667 per cent.) alcoholic strength is prepared 
by dissolving 0-607 gramme pure isobutylic alcohol in a litre of 
66*7 per cent, alcohol, and is likewise simultaneously treated with 
the acid for an hour at 120° C. The tints thus obtained are com- ’ 
pared in the colorimeter. 

Compound Ethers. —The ethers in brandy and whisky are mainly 
butyric, saproic, caprylic, and capric, and are saponified by standard 
alkali. Aldehydes and furfural are also acted upon by tire alkali— 

2C5H4O2 -h NaOH - NaCjHsOg + QHA— 

Furfural. 

and must therefore be removed by boiling under a reflux condenser 
witfi phosphate of aniline (already described) for two hours previous 
to distillation. 

One hundred c.c. of the purified distillate is neutralized with 
soda (phenolphthalein indicator), and 25 c.c. soda added in 
excess, and boiled gently under a reflux condenser for an hour, 
after which the excess of alkali is titrated with ^5 hydrochloric acid 
in th^cold. Each c.c. of difference between 25 c.c. and the Knal 
titration represents 0-0088 gramme ethyl acetate. 

Furfural. —^Furfural is usually absent, or only present in . 
small proportions, in patent spirits, but is characteristic of 
pot-still products. It strikes a red colour with 'aniline acetate 
lC 4 H 36 .CH(C,HjMejNHa)s]. 
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A standard solution of furfural is prepared containing 0-005 
gramme per litre. 

Ten c.c. of this solution and 10 c.c. of the alcoholic distillate, 
reduced to 50 per cent, alcoholic strength, are each placed in a 
graduated cylinder, and 10 drops jiure aniline added to each, and 
then simultaneously i c.c. pure (furfural-free) acetic acid added. 
The^tints are compared after fifteen minutes. 


Malted Liquors (Beer, etc.). 

The analysis of beer usually consists of— 

1. The alcohol. 

2. Carbonic acid. 

3. Volatile and fixed acids. 

4. The percentage of malt extract (its compositicyi) and original 
gravity. 

5. Hop resin and glycerin. 

6. Nature of bitter used. 

7. The ash (including phosphates and chlorides). 

Alcohol. —This is estimated by distillation as already described. 
It may also be estimated by boiling off the alcohol and carbonic 
acid, calculating the percentage of alcohol from the specific 
gravity before and after boiling (Tabarie’s method), as has been 
described. 

Carbonic Acid. —The absorbed gases may be drawn'away from 
a measured^ quantity of the sample contained in a flask by means 
of a mercury pump. A convenient method is to expel all the catbon 
dioxide from a measured quantity of the sample in a flask connected 
with a sealed flask containing dilute ammonia in such a way that 
all the gas is absorbed by the ammonia. If the requisite quantity 
of calcium chloride be then added, and the contents of the second 
flask boiled till free from ammonia, the calcium will be precipitated, 
and may be filtered, washed, dissolved in a little standard acid, and 
titrated back with alkali (using cochineal indicator). * 

Two c.c. acid = 10 milligrammes CaCOj or 4-4 milligrammes COj. 

Volatile and Fixed Acids.— The volatile (acetic) acid is ob¬ 
tained by disti'ling the sample almost to dr)mess and titrating the 
distillate thus obtained with yjy alkali. The fixed acid or acids 
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(usually lactic) are determined by titrating the residue in the flask 
after diluting with water (i c.c. alkali = 9 milligrammes lactic 
acid). 

Malt Extract.—Five grammes of the sample are evaporated 
to dryness in a platinum dish on the water-bath, and the residue or 
extract thoroughly dried. 

To ascertain the amount of malt originally used in the preygra- 
fion of the beer, the percentage of alcohol, volatile acid (as acetic), 
and malt extract having been found, the “ sjiirit indication ” and 
“ original gravity ” must be calculated. 

The “ spirit indication ” is obtained by subtracting the specific 
gravity of the alcoholic distillate from 1,000. The degrees of 
gravity lost arc obtained from either of the following tables, depen¬ 
dent upon which process has been employed for estimating the 
alcohol. The degrees of gravity added to the specific gravity of 
the boiled beer yield “ the original gravity of the wort.” From 
the original* gravity the malt extract is obtained by reference to 
the malt extract table. 


TABLE A. 

Ik thic DtsTii.i.ATioN Process is Used. 


Degrees of 
Spirit 
Indication. 

0*0. 

O'l. 

0'2. 

<>■3. 

o’ 4 . 

o's- 

o’6. 

07. 

o’ 8 . 

07. 

0 

0*0 

<>•3 

0-6 

0-9 

1*2 

1-5 

1-8 

2*1 

2*4 

27 

I 

3-0 

3-3 

37 

4*1 

4*4 

4-8 

5 'i 

5-5 

5-9 

6*2 

•j 

6-6 

7-0 

7-4 

7-8 

8'2 

8'6 

9'0 

9'4 

9-8 

10*2 

3 

107 

in 

II -5 

12*0 

12*4 

12*9 

13-3 

I 3’8 

14*2 

147 

4 

15*1 

15*5 

i6*o 

i6‘4 

ir>*8 

I 7‘3 

177 

l8-2 

l8-6 

19-: 

5 

i 9 ‘.'; 

19*9 

20*4 

20*9 

21-3 

21-8 

22*2 

227 

23-1 

23-6 

6 

24-1 

24-6 

25'0 

25-5 

26‘0 

26-4 

26’9 

27-4 

27-8 

28-3 

7 

28*8 

29-2 

297 

30-2 

307 

31-2 

317 

32-2 

327 

33'2 

« 

337 

34-3 

34-8 

35-4 

35 '9 

36'5 

37 ■» 

37-5 

38-0 

38-6 

9 

39U 

397 

40*2 

407 

41 ’2 

417 

42*2 

427 

43’2 

437 

10 

44 '-! 

447 

45-1 

45-6 

46 'O 

46-5 

47'0 

47‘5 

48x1 

4 , 8-5 

11 

49-0 

49-6 

50-1 

i;o -6 

51-2 

S17 

52*2 

527 

53-3 

53-8 

12 

54-3 

54'9 

55’4 

55-9 

56-4 

56-9 

57-4 

57'9 

58-4 

58-9 

13 

59'6 

60-0 

fjO’S, 

6 n 

61-6 

62-2 

627 

63-3 

63-8 

64‘3 

14 

64'8 

65-4 

65-9 

66*5 

67-1 

67-6 

68-2 

687 

fi 9'3 

69-9 

15 

70-5 
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TABLE B. 

If thk Evaporation Process is Used. 


Degrees of 
Spirit 
Indication. 

o'o. 

0*1. 

0 2. 

0-3. 

0 

0*0 

0*3 

07 

IT) 


3’5 

3 *« 

4*2 

4*0 

2 

7*4 

7-8 

8*2 

87 

3 

11*5 

ii-o 

12-4 

12*8 

4 

15*8 

10*2 

l6-0 

17*0 

s 

207 

207 

2T'2 

2l*(> 

(i 

24-8 

- 5 '-^ 

25*r> 

26*1 

7 

2 Q '5 

30-0 

30-4 

3^'9 

8 

34-3 

34'9 

35‘5 

36-0 

9 

40’0 

40*5 

41*0 

41-5 

LO 

44 *<i 

45*4 

4(>‘0 

4 f >'5 

11 

50-3 

5<^'9 

51*4 

5 i-g 

12 

55 -t> 

56-2 

507 

57*3 

13 • 

61*0 

()i-6 

()2-T 

627 

14 

66*5 

67*0 

07’O 

68*1 

15 

72*0 

— 

— 

— 


o' 5 - 

o'6. j 

1 

0-7. j 

0-8. 1 

i 

0*9. 

'•7 

2*1 

3-4 

2-8 

■'s-' ' 

5‘4 

5-8 

1 6‘2 

6*6 

7-0 

o'S 

Q-g 

10-3 

107 

ll'l 

13-0 

14-0 

1 I 4‘4 

14-8 

15-3 

17-0 

1 18*4 

i8'8 

I 9‘3 

19-8 

22*5 

23 ‘<' 

23'4 

23-9 i 

24-3 

27*0 

27*5 ' 

28*6 

28-5 

1 29-0 

31-H 

327 

32-8 

33-3 

! 33 -« 

37-1 

.37-7 

38-3 

38-8 

■ 39'4 

4^*5 

43‘0 

43-5 

' 44*0 

44'4 

47-h 

48-2 

48-7 

1 49*3 

49’3 

53-0 

53 -.? 

54*0 

54-5 

, 55-0 

5»'3 

?8-0 

50’4 

.39-9 

6o*5 

(, 3 -K 

04-3 

04-9 

65 ’4 

1 66*0 

( ny 2 1 

6g*8 

70*4 

70-9 

, 71-4 





, 0 


1-4 

5*0 
0*1 
U ’2 
17-4 
22'1 
2rv() 
3 1 '3 
36’6 
4^-0 

47-1 
5 *J ‘5 
57 •« 

(>.V2 

087 


TABLE C. 

For ascertaining the Value of Acetic Acid. 


Excess per 
Cent, of 


Corresponding Degrees of Spirit Indication. 


Acetic Acid 1 
in the 
Reer. 

! o'oo. 

O'OI. 

0*02. 

o'o3. 

1 

^ 0*04. 

0-05. 

o’o6. 

0*07. 

o'oS. 

i 

0*09. 

0*0 

_ 

0*02 

0*04 

o-o6 j 

0*07 

0-08 

0-09 

o-ri 

0*12 

0-13 

O'l 

0 ‘i 4 

0-15 

0*17 

o*i8 1 

('.■19 

0‘21 

0-22 

0’23 

0‘24 

0-26 

0’2 

0-27 

0-2^ 

0*29 

0 - 3 ' 

0-32 

0-33 

0-34 

0'35 

0’37 

0-38 

0-3 

0-39 

0’40 

0-42 

0-43 

0*44 

0-46 

0-47 

0*48 

0-49 

0-51 

0-4 

0’52 

0-53 

0-55 

O'Sf) 

0-57 

0-59 

0'60 

0-61 

0-62 

0-64 

0-5 

0-65 

0-66 

0-67 

o-Og 

070 

071 

072 

0*73 

0-75 

0-76 

0*6 

0-77 

0-78 

o'8o 1 

0-81 

0-82 

0-84 

0-85 

0*86 

0*87 

0-89 

0-7 

0-90 

0*91 

0-93 

1 0*94 

0-95 

0-97 

0*98 

0*99 

1*00 

1*02 

0*8 

1-03 

I *04 

1-05 

1-07 

i*o8 

I’Og 

I'lO 

I'll 

I-I 3 

I-I 4 

0‘q 

I-I5 

I’l6 

i-i8 

rig 

1*21 

1’22 

1-23 

1-25 

1-26 

I'28 

<*o 

l’2Q 

1 - 3 ' 

'•33 

1-35 

1-36 

1_ 

‘•37 

1-38 

I‘40 

1-41 

1*42 


The amount of malt is calculated front the malt extract in the 
proportion of 32-0 : 2i-o, or, if i,000 be subtracted from the specific 
gravity, and the remainder multiplied by 0-025, the result will 
represent the total malt extract in pounds per gallon. 
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TABLE D. 

Specific Gravity and Percentage of Malt Extract. 



Extract 

Specific 

Extract 

Specific 

Extract 

Specific 

Extract 

Gravity. 

per Cent. 

Gravity. 

per Cent. 

Gravity. 

per Cent. 

(..ravity. 

per Cent. 

• 

1*0000 

0*000 

I*0(.)40 

1*(K)0 

1 *0080 

2 *OCK) 

1*0120 

3*000 

I *0001 

0*025 

1 * 00 .:^ I 

1*02 5 

l*oo8l 

2*025 

1*0121 

3*025 

1*0002 

0*0 50 

1 *0042 

1*050 

1*0082 

2*050 

1*0122 

3*050 

I'OOOJ 

t /*075 

1*004.? 

1*0/5 

1*0083 

2*075 

1*0123 

3-075 

1-0004 

0*100 

1*0044 

I*I()() 

1 *0084 

2*100 

1*0124 

3*100 

1*0005 

0*125 

]*oo 45 

1*125 

1*0085 

^2*125 

1*012 5 

3*125 

i*ooo6 

0*150 

1*0046 

1*150 

i'Oo86 

2*150 

1*0126 

3-150 

1*0007 

0*175 

1*0047 

J'i 75 

1*0087 

2*175 

1*0127 

3-175 

i*ooo8 

0*200 

1*0048 

1*200 

1*0088 

2*200 

1*0128 

3*200 

1*0009 

0*225 

1*0049 

1*225 

1 -cxiHg 

2*225 

1*0129 

3*225 

1*0010 

0*250 

1*0050 

1*250 

1*0090 

2*250 

1*0130 

3*250 

1*0011 

cj *275 

1*0051 

1*275 

I *0091 

2*2^ 

1*0131 

, 3-275 

I*tlOI 2 

0*300 

i*oo(;2 

1*300 

1*0092 

2*300 

1*0132 

3-300 

1*0013 

0*325 

1*0053 

1 * 3-25 

1*0093 

2*325 

1*0133 

3-325 

1*0014 

0*350 

1*0054 

1*350 

1 *0094 

^■350 

1*0134 

3-350 

1*0015 

0*375 

i*<x )55 

1*375 

1*0095 

2'375 

1*0135 

3-375 

1-0016 

0*400 

1*0056 

1 *4tX) 

1 •{H)96 

2*400 

1*0136 

3*400 

1*0017 

0*425 

1*0057 

1-425 

1*0097 

2*425 

1*0137 

3-425 

1*0018 

• 0*450 

1*0058 

1*450 

1*0098 

2*450 

1*0138 

3-450 

1*0019 

0*475 

1*0059 

1*475 

1*0099 

2-475 

1*0139 

3-475 

1*0020 

0*500 

I *0060 

1*500 

1*0100 

2*500 

1*0140 

3-500 

1*0021 

0*525 

1*0061 

1*525 

I*OIOI 

2*525 

1*0141 

3-525 

i 1*0022 

0*550 

1*0062 

1*550 

1*0102 

2*550 

1*0142 

3-550 

1*0023 

0*575 

1*0063 

>*575 

1*0103 

2*575 

1*0143 

3-575 

1*0024 

0*600 

1*0064 

1*600 

roio4 

2*600 

1*0144 

3-600 

1*0025 

0*625 

1*0065 

1*625 

1*0105 

2*625 

I-OI 45 

3-625 

I’C*)26 

0*650 

1*0066 

1*650 

1*0106 

2*650 

1*0146 

3*650 

1*0027 

0*675 

1*0067 

1*675 

roi07 

2*675 

1*0147 

3-675 

1*0028 

0*700 

I *0068 

1*700 

1*0108 

2*700 

1*0148 

3*700 

1*0029 

0*725 

1*0069 

1*725 

1*0109 

2*725. 

1*0149 

3-725 

1*0030 

0*750 

1*0070 

1*750 

1*0110 

2*750 

1*0150 

3-750 

1*0031 

0*775 

1*0071 

1*775 

I'OIII 

2*775 

1*0151 

3-775 

1*0032 

0*800 

1*0072 

1*800 

1*0112 

2 * 8 oo 

1*0152 

3-800 

1*0033 

0 825 

1*0073 

1*825 

1*0113 

2*825 

1*0153 


1*0034 

0*850 

1*0074 

1*850 

1*0114 

2*850 

1*0154 

3-8S0 

i*003» 

0*875 

1*0075 

1*875 

1*0115 

2*875 

1*0155 

3-875 

1*0036 

0*900 

1*0076 

1*900 

i*oii6 

2*900 

1*0156 

3*900 

1*0037 

0*925 

1*0077 

1*925 

1*0117 

2*925 

1*0157 

3 - 9?5 

1*0038 

0*950 

1*0078 

1*950 

I* 0 Il 8 

2*950 

1*0158 

3-950 

1*0039 

0*975 

1*0079 

1*975 

1*0119 

2*975 

1*0159 

3-975 


I-02I0 

I'021I 

I-02I2 


1-0160 

4-000 

1-0161 

4-025 

1-0162 

4-050 

1-0163 

4‘075 

1-0164 

4-100 

1-0165 

4 '>35 

1-0166 

4-150 

1-0167 

4-175 

I-OI68 

4-200 

1-0169 

4-225 

r( 170 

4-350 

1-0171 

4-275 

1-0172 

4-300 

1-0173 

4-325 

1-0174 

4 - 35 “ 

1-0175 

4-375 

1-0176 

4-400 

1-0177 

4-435 

1-0178 

4-450 

1-0179 

4-475 

1-0180 

4-500 

1-0181 

4-525 

1-0182 

4-550 

1-0183 

4-575 

1-0184 

4-600 

1-0185 

4-625 

1-0186 

4-650 

1-0187 

4-675 

1-0188 

4-700 

1-0189 

4-735 

roi90. 

4-750 

1*0191 

4 -Z 75 

1*0192 

4-800 

1*0193 

4-825 

1*0194 

4-850 

1*0195 

4-875 

1*0196 

4-900 

1*0197 

4-925 

1*0198 

4-950 

1*0199 

4-975 

I* 0 J 00 

5-000 

1*0201 

5-035 

r02O2 

5-050 

1*0203 

5-075 

i»r'io4 

5-100 

1*0205 

5-135 

ro2o6 

5-150 

1*0207 

5-175 

1*0208 

5-200 

1*0209 

5-225 


1-0213 
I-02I4 
1-021 5 
I-0216 
I-02I7 
1-0218 
I-O2I9 


1-0220 
1-022 I 

1-0222' 

1-0223 

1-0224 

1-0225 

1-0226 

1-0227 

1-0228 

I-022Q 


1-0230 

1-0231 

1-0232 

1-0233 

1-0234 

1-0235 

1-0236 

1-0237 

1-0238 

1-0239 

1-0240 
I-0241 
1-0242 
1-0243 
1-0244 
1-0245 
1-0246 
1-0247 
1-0248 
1-0249 


1-0250 

1-0251 

1-0252 

1-0253 

1-0254 

1-0255 

1-0256 

1-0257 

1-0258 

1-0259 


5-250 

5-375 

5-300 

5-335 

5-350 

5-375 

5-400 

5-435 

5-450 

5^475 

5-500 

5-535 

5-550 

5-575 

5-too 

5-025 

5-650 

5-675 

5-700 

5-73 7 

5-750 

5-775 

q-SoO 

S-825 

5-«50 

5-«75 

5-900 

5-925 

5-950 

5- 9^ 

6- 000 
6-024 
0-048 
6-073 
6-097 
6-122 
6-146 
6-170 
6-195 
6-219 

6-244 

6-268 

6-292 

6-316 

6-341 

6-365 

6-389 

6-413 

6-438 

6-463 
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TABLE D [continued). 


Specific 

Extract 

Specific 

Extract 

Specific 

Extract I 

Specific 

Extract 

Gravity. 

per Cent. 

Gr.ivity. 

■ 

per Cent. 

(iravity. | per Cent^ 

Gravity. 

per Cent. 

I-0360 

8-925 

1*0410 

10*142 

I *046^.) 

11*333 

1*0510 

12*523 

i'O30i 

8-950 

1*0411 

10*166 

1*0461 

11*357 

1*0511 

12*547 

I •0363 

8-975 

1*0412 

10*190 

I *0462 

11*381 

1*0512 

12*571 

i- 03('3 

9 *CXK) 

1*0413 

10*214 

1*0463 

11*404 

1*0513 

12*595 

I •0364 

9-024 

1-0414 

10*238 

I *0464 

11*428 

1*0514 

12*619 

I' 03 fi 5 

9*048 

1-0415 

10*261 

1*0465 

11*452 

1*0515 

I ^642 

1-0366 

9-073 

1*0416 

10*285 

1*0466 

11-476 

1 * 05 16 

I2*6f)6 

1-0367 

9*097 

1*0417 

10*309 

1*0467 

I1*5(K) 

1*0517 

12*690 

1-0368 

9*122 

1*041 18 

i <^*333 

I *0468 

11*523 

1*0518 

12*714 

i- 03()9 

9-146 

1*0419 

K ^*357 

1*0469 

11*547 

1*0519 

12-738 

1-0370 

9*170 

1*0420 

10*381 

1 *0470 

11*571 

1*0520 

12-761 

1-0371 

9*195 

1*0421 

10*404 

1*0471 

I ‘*595 

1*0521 

12*785 

1-0373 

9-219 

1*0422 

10*428 

1*0472 

«rl 1*619 

1*0522 

12*809 

>•<>373 

9-244 

1*0423 

10*452 

1*0473 

11*642 

1*0523 

12-833 

1-0374 

9-268 

1*0424 

10*476 

1*0474 

11*666 

1*0524 

12-857 

1-0375 

9-292 

1*0425 

10*500 

1*0475 

11*690 

i' 05^5 

12-881 

1-0376 

9-316 

1*0426 

10*523 

1*0476 

11*714 

1*0526 

12-904 

1-0377 

9 - 3 ' 4 i 

1*0427 

10*547 

1*0477 

11*738 

1*0527 

12-928 

1-0378 

9-365 

1*0428 

10*571 

1*0478 

11*761 

1*0528 

12-952 

5-0379 

•9-389 

1*0429 

10*595 

1*0479 

11*785 

1*0529 

12-976 

1*0380 

9-413 

1-0430 

10*619 

1*0480 

11*809 

1*0530 

13-000 

1*0381 

9-438 

1-0431 

10*642 

1*0481 

11*833 

1*0531 

13-023 

1*0382 

9-463 

1-0432 

10*666 

1*0482 

11*857 

1*0532 

13-047 

>•0383 

9-488 

'•6433 

10*690 

1*0483 

11*881 

1*0533 

13-071 

1-0384 

9-512 

1-6434 

10*714 

1*0484 

11 *904 

1*0534 

13-095 

1-0385 

9-536 

1-0433 

10-738 

1*0485 

11*928 

1*0535 

13-119 

1-0386 

9-560 

1-0436 

10-761 

1*0486 

11*952 

1*0536 

13-142 

1-0387 

9-584 

1-0437 

10-785 

1*0487 

11*986 

1*0537 

13-166 

1-0388 

9*609 

1-0438 

10-809 

1*0488 

12*000 

1-0538 

13-190 

1-0389 

9-633 

1-0439 

10-833 

1*0489 

12*023 

1-0539 

13-214 

1-0390 

9-657 

1-0440 

10-857 

1*0490 

12*047 

1-0540 

13-238 

1-0391 

9-681 

1-0441 

10-881 

1*0491 

12*071 

1-0541 

13-261 

1-0392 

9-706 

I -0442 

10-904 

I *0492 

12*095 

1 - 0^42 

13-285 

1*0393 

9-731 

1-0443 

10-928 

1*0493 

12*119 

1-0543 

13-309 

1-0394 

9-756 

1-6444 

10-952 

1*0494 

12*142 

1-0544 

13-333 

1-0395 

9-780 

1-0445 

10-976 


12*1^ 

1-0545 

13-357 

1-0396 

9*804 

1-0446 

11-000 

1 *0496 

12*190 

1-0546 

13-381 

1-0397 

9*828 

1-0447 

11-023 




13-405 

1-0398 

9-853 

1 -0448 

11-047 

1*0498 

12-238 

1-0548 

13-428 

1-0399 

9-«77 

1-0449 

11-071 

1*0499 

12-261 

1-0549 

13-452 

1-0400 

9*901 

1-0450 

11-095 

1*0500 

12-285 

1-0550 

13-476 

1-0401 

9*925 

1-0451 

11-119 

1*0501 

12-309 

1-0551 

13^00 

1-04^2 

9*950 

1-0452 

11-142 

1*0502 

12 - 333 . 

1-0552 

>3-523 

1-0403 

9*975 

1-0453 

11-166 

1-0503 

> 2-357 

1-0553 

13-547 

1-0404 

10*000 

i- 045 -f 

11-190 

1*0504 

12-381 

1-0554 

13-571 

1-0405 

10*023 

1-0455 

11-214 

1*0505 

12-404 

1-0555 

13-595 

1-0406 

10*047 

1-0456 

11-238 

1*0506 

12-428 

1-0556 

13-619 

1-0407 

10*071 

1-0457 

11-261 

1*0507 

12-452 

01-0557 

13-642 

1-04198 

10*095 

1-0458 

11-285 

1*0508 

12-476 

1-0558 

13-666 . 

1-0409 

10*119 

1-0459 

n-309 

1*0509 

12*500 

1-0559 

13-690 
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— - 

Specific j 

Extract 

Gravity. , 

per Cent. 

1*0560 

13714 

I-0^1 

137.38 

1-0562 

13761 

1-0563 

13785 

1-0564 

13-809 

1-0565 

i 3‘833 

1-0566 

1 . 3-857 

1-0567 

13-881 

1-0568 

13*904 

1-0569 

13-928 

1*0570 

13-952 

i' 057 i 

13-976 

1-0573 

i4*o(X) 

1-0573 

14-023 

1-0574 

14-047 

1-0575 

14-071 

1-0576 

14*095 

1-0577 

14 *H 9 

1-0578 

14:142 

1-0579 

14-166 

1*0580 

14*190 

1*0581 • 

14*214 

1-0582 

14-238 

1-0583 

14*261 

1-0584 

14-285 

1-0585 

14-.309 

1*0580 

14-333 

1-0587 

14-.357 

1-0588 

14-.381 

1-0589 

14-404 

1*0590 

14-428 

1-0591 

14-452 

1*0592 

14-476 

1-0593 

14*500 

1-0594 

14-523 


TABLE J) {continued). 


1 

Extr.TCt 

1 

Specific j 

Exinact 

Gravity. 

per Cent 

(.r.ivity. 1 

per Cent. 

1*0595 

14-547 

I -0630 

15-371 

1-0596 

14-571 

1*0631 

i 5-,395 

1-0597 

14-595 

1*0632 

15-418 

i-o^igS 

14*019 

1-0633 

15-441 

1*0599 

14-642 

1-0634 

15-464 



1-0635 

15-488 

I *0600 

14*666 

1-0636 

i';* 5 it 

I'O^KH 

14-690 

1-0637 

I 5 * 5 .U 

l*OfK '>2 

14-714 

1*0638 

15-557 

1*0603" 

14-738 

1-0639 

15-581 

1*0604 

14-761 

— - - 


1-0605 

14-785 

1*0640 

15-604 

I *0606 

14-809 

1*0641 

15-627 

1*0607 

14-833 

1*0642 

15-650 

1*0^108 

14-857 

1-0643 

15-674 

1 *0609 

14-881 

1*0644 

i 5-(>97 

— 


1-0645 

15-721 

1-0610 

14 * 9^4 

1*0646 

15-744 

1-0611 

14-928 

1 -0647 

15-767 

I-0612 

14*952 

1*0648 

15*790 

i-o()i3 

14-976 

I -0649 

15-814 

1-0614 

15*000 

— 

- — 

1-0615 

15-023 

1-0650 

15-8.37 

1*0616 

15-046 

1-0651 

15-860 

TO6I7 

15*070 

1-0652 

15-883 

1*0618 

15-093 

1-0653 

15-907 

1-0619 

15-116 

1*0654 

15-9.30 

. -- ~ 

- 

1-0655 

15-95.3 

1 *0620 

15-1.39 

1*0656 

15-976 

1-0621 

15-102 

1-0657 

16-000 

1-0622 

15-186 

1-0658 

16-023 

1*0623 

15*209 

1-0659 

16*046 

1-0624 

15-232 

_— 

- 

1-0625 

15-255 

j*o66o 

16-070 

1*0626 

15-278 

1*0661 

16-093 

1-0627 

15-302 

1-0662 

16-116 

1-0628 

15-325 

1-0663 

16-139 

1-0629 

15-348 

1*0664 

16*162 


Specific I Kxtract 
Gravity. 1 per Cent. 


1*0665 

l*o666 

1*0667 

1*0668 

1*0669 


iC*i86 

16-209 

16-232 

16-255 

16-278 


1-0670 I 

1-0671 I 

1-0672 

1-0673 

1-0674 

1-0675 

I -0(176 

1-41677 

1-0678 

1-0679 

• . 

1-0680 
1-0681 
1-0682 
1-0683 
1-0684 
1-0(185 
1-0686 
1-0(187 I 
1-0688 1 
I 1-0689 j 


16-303 

16-325 

16-348 

16-371 

16-395 

16-418 

16-441 

16-464 

16-488 

16-511 

- 

16-534 

16-557 

16-581 

i6-(i04 

16-627 

16-650 

16-674 

16-697 

16-721 

16-744 


1-0(190 
1-0691 
1-0692 
1-0693 
1-0694 
1-0695 
1-0696 
1-0697 
1-0698 
1-0699 
1-0700 ; 


16-767 

16-790 

16-814 

16-837 

16-860 

16-883 

16-907 

16-930 

16-953 

16- 976 

17- 000 


Examples. 

1000-0 

Specific gravity of alcoiioiic distiliate .. - • - * 99 i 9 

Spirit indiimtion .. • ■ • • - • •' ’' * 

The spirit indication 6-i is equal to 24-6 (Table A). 
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Gravity of boiled beer .. .. .. • • • • 10147 

Add . ^ 4'6 

1038-3 

Original gravity 1038-3 is equal to 9-488 per cent, malt extract 
(Table D). 

2. By the evaporation method a beer was found to contaiij 5 '94 
per cent, alcohol = specific gravity, 0-9899 (see Alcohol Tables in the 
Appendix). 

1000-0 

989-9 

Spirit indication .. .. .. . • • • 

The spirit indication lo-i is equal to 44-7 (Table A). 

Gravity of boiled beer .. .. .• ■■ 1012-3 

Add . 44-7 

Original gravity.1057-0 

'Original 1057-0 is equal to 13-952 per cent, malt extract 

(Table D). 

3. The loss of gravity by acetic acid is ascertained by refer¬ 
ence to ffable C. Thus, 0-48 per cent, acetic acid was found in 
Example i. From this deduct o-io per cent., an amount which is 
usually allowed for as being naturally formed in normal fermenta¬ 
tion, and allowed for in the table. Then— 

Total acetic acid .0-48 

Less .. .. .. •. • • ■ ■ ■ ■ .,0-1 

Acetic acid to be accounted for.0-38 

0-38 is equal to 0-49 by Table C, so that this number must be 
added to the spirit indication. 

Spirit indication from alcohol .6-1 

Spirit indication from acetic acid .. .. .. .. 0-38 

Total spirit indication .6-48 *■. 

Finish the calculation as in Example No. i. 

• 

Hop-Resin and Glycerine.—Concentrate the beer by evapora¬ 
tion to about one-third its original volume, and eKtract the hop- 
resin by shaking up with petroleum ether in a separating-funnel. 
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* 

Pour oil the ether into a tared dish, evaporate, and weigh the 
residual resin. Make the resin-free residue alkaline with barium 
hydroxide, and extract the glycerine by shaking with a mixture 
of 3 parts of ether and 2 parts of alcohol. 

The Bitter used. —This is necessarily a tedious operation, and 
for full particulars the reader is refcired to such lx)oks upon poisons 
as de|cribe the processes of Dragendorff and others. 

The prepared and concentrated beer is subjected to a series of 
extractions with petroleum ether, benzene, cliloroform, and amyl 
alcohol, each of which is examined in turn. 



CHAPTER XIV 


EXAMINATION AND ANALYSIS OF WATER 

Sampling. —All samples slumld be taken in glass bottles, preferably 
those known as “ Winchester quarts stoneware jars arc to be 
avoided. The “ Winchesters ” should have well-ground stoppers ; 
if corked, the corks must be new, and have been previously well 
rinsed in pure water. One Winchester quart is usually sufficient 
for an ordinary analysis suitable for dietetic jiurposes, but when 
the Erankland jirocess is used tv\o bottles, at least, must be taken. 

In sampling from a river or tank, the bottle is immersed and 
rinsed out several times, care being taken to avoid the introduction 
of any mud or sediment. 

In sa\jipling from a pipe, allow the water to flow for several 
minutes at full bore, and then, after rinsing out the sample bottle, 
fill it to the foj>, insert the stopper, and tie it down with a piece 
of clean muslin. 

Note the condition of the stream or other source at the time of 
sampling. 

Preliminary Observations. —The colour is observed in a 
2-foot clear glass tube standing upon a white plate or in a 
colorimeter. 

The appearance of the water is carefully noted, especially whether 
it is turbid or clear and bright. 

The turbidity is best observed by filling a clean litre flask with 
the sample and holding it up to the light. The purest waters 
posses a bluish tint; next to these are waters which exhibit a 
greenish tinge. Peaty*waters are tinted brown, owing to.the 
presence of finely divided organic matter. 

An,ingenious colorimeter is that invented by Messrs. Crookes 
and Odling, consisting of two hollow wedges filled respectively 

>58 
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with brown and blue solutions. By superimposing these wedges 
any desired tint may be matched. The prisms are graduated i to 
50, representing the thickness in millimetres of the prisms at any 
given i^oint. 

A small portion of the sample is slowly warmed to 38° C., and 
the odour observed. 

It j,s advisable always to taste water samples, although only a 
few have decided tastes. 

The action upon litmus is notcil. 

Estimation of the Suspended Matter.— This is not necessary 
unless the water is turbid. Steep a filter-paper (6-mch) in water 
free from ammonia for about a day, and filter i to 2 litres of the 
samjile, rejecting the first portion of the filtrate. In cases where 
the water is much jxilluted or in sewage the ammonia in the filter 
may bc_ neglected, as it is very small. Dry the filter and contents 
in the air-oven at lOO'-’’ C. until the weight is constant. 

Ne.xt cut up the dried filter, and gently ignite it in a tarel platimiiii 
dish until the residue contains no organic matter, cool, and weigh. 
The latter weight represents the amount of inorganic suspended 
matter in the amount taken. Calculate this into parts per 100,000. 

Microscopical Appearance.— When there is any suspended 
matter present it is often advisable to make a microscopic examina¬ 
tion. 

A convenient method is to fill a tall cylinder with the sample, 
and allow the suspended matter to settle during the ensuing twenty- 
four hours. Carefully decani off the clear liquid, and transfer the 
sediment to a slip for examination. j 

Total Solids. —If the water has been filtered, a portion of the 
clear filtered liquid is operated upon. The amount depends entirely 
upon the nature of the sample. With calcareous waters lOO c.c. is 
amply sufficient; with soft waters— r.g., Loch Katrine—500 c.c. 
is necessary. It is advisable in dealing with an unknown sample 
to take 250 c.c. This is placed in a tared platinum evaporating- 
basin and gently heated, care being taken to prevent boiling. 
The^last drops are expelled on a water-bath. The basin and con¬ 
tents are then dried in an air-oven at a temperature of 104° C. until 
the weight is cqpstant. The solids are next heated at a dull red 
heat to expel any organic matter, and the loss in weight thus in- 
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purred is reported as “ loss on ignition.” The inorganic constituents 
. thus remaining can be further examined for the presence of phos¬ 
phates, iron, etc. 

Estimation of Chlorine. —The amount of chlorine in water 
is usually very small, unless in the vicinity of salt-beds, the sea, or 
sewjige contamination. 

Place 50 c.c. of the samjde in a clear porcelain evaporating-basin, 
add 2 to 3 drops of a solution of potassium chromate free from 
chlorine, and titrate with a standard solution of silver nitrate, pre¬ 
pared by dissolving 2-3()44 grammes pure recrystallized silver nitrate 
in distilled water, and making the solution up to i litre. Each c.c. 
of this solution represents l part of chlorine per 100,000, operating 
on 50 c.c. of the water sample. 

Should the number of c.c. used exceed 10, it is advisable to work 
upon a smaller quantity of the sample. 

The exact end-point is best observed through a cell containing a 
■weak chremate solution, but with a little practice even this is 
unnecessary. 

Estimation of Nitrates and Nitrites—i- . 4 s Ammonia by 
the Zinc-Copper Couple .—Pour a 3 per cent, solution of crystallized 
copper ^ulphate upon a piece of clean zinc-foil 3 inches by 2 inches, 
and allow the deposition to proceed until a heavy, firm black layer 
of copper is formed. Wash the prepared copper thoroughly, and 
finally allow it to drain. 

Place the couple in a lo-ounce stoppered fractionating-fiask, and 
connect the tubulure of the flask with a U-tube filled with pumice 
meistened with hydrochloric acid, both the latter'having been 
previously freed from ammonia. 

A measured quantity of the water is now added to the flask, and 
allowed to stand for one hour. 

Messrs. Gladstone and Tribe have shown that the action of the 
zinc-copper couple upon the nitrate solution consists in its elec¬ 
trolysis, resulting in the evolution of hydrogen, whereby the nitrate 
is fiift reduced to nitrite and then into ammonia. 

It is necessary, therefore, to test the solution for the presence of 
any undecomposed nitrite by mixing a small portion with dilute ' 
sulphuric acid and metaphenylenediamine; • tljpn add about 
I ^aftime of freshly ignited sodic carbonate, and wash in the 
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pumice containing the acid from the U-tube. Now connect the 
flask with a Liebig condenser, and proceed to estimate the ammonia 
by the Wanklyn process. 

2. As Nitric Oxide {Crum’s Process ).—Five hundred c.c. of the 
water arc evaporated to dr5mess over the water-bath, and the residue 



Flo. 36.—Estimation of Nitrogen uy Nitrometer. 

extracted with hot water. The aqueous extract is concentrated 
to I c.c., and transferred to a nitrometer. The nitrometer having 
previously been filled with mercury, the extract is washed into the 
cup with as little water as possible. 

Allow the solt^tion to pass through the stopcock, allowing no air 
to pass with it. Introduce in this way double its volume of pure 
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strong sulphuric acid free from nitrogen. Allow both liquids to 
mix; heat is evolved, and bubbles of carbon dioxide rise to the 
surface. As soon as these cease, raise the pressure-tube and expel 
all the gas, immediately shutting the stopcock. 

Next agitate the contents of the nitrometer in such a way that 
the acid liquid is intimately mixed with the mercury for a period 
of af least ten minutes, with constant shaking Allow to stand until 
all evolution of gas ceases, and the liquid has cooled down tb the 
temperature of the laboratory. 

Adjust the levels of the mercury in both columns so that the 
pressure is exactly atmospheric. Read off the volume of the gas, 
and note the existing temperature and pressure. 

Every two volumes of nitric oxide are equal to one volume of 
nitrogen. The weight of the nitrogen is obtained in this way by 
reference to the table appended, or the volume of the gas obtained 
in C.C., corrected to normal temperature and pressure, when mul-, 
tiplied by the factor 0-175, gives the nitrogen in nitrates in grains 
per gallon, using 250 c.c. of the sample. 

3. The Indigo Process .—This is the most convenient process, 
giving results which with care compare very favourably with the 
Crum process. 

(fl) Standard potassic nitrate of strength, prepared by dis¬ 
solving o-ioii granune KNO3 in i litre pure distilled water. 

(i) Indigo carmine, preferably Gehe’s (sodic sulphindylate), which 
will not give a brown colour with nitric acid. Dissolve i gramme 
in 500 c.c. pure dilute sulphuric acid (i: 20). Store this solution 
in the dark. 

fc) Pure concentrated sulphuric acid free from nitrogen. 

Process .—Place 10 c.c. of the standard nitrate in a 150-c.c. flask, 
add 10 c.c. indigo, and rapidly thereafter 20 c.c. of the sulphuric 
acid. Mix, and quickly heat over a Bunsen burner. If the solu¬ 
tion is decolorized, more indigo is added, with constant stirring, 
until after heating for about half a minute a persistent greenish 
tint ^curs. The number of c.c.’s of indigo is noted, and is repeated 
until an accurate estmate of the degree of dilution of the indigo 
solution is ascertained. This standardization is repeated each “day- 
the indigo is used, and the “ blank ” thus obtained is set aside as a 
standard comparison for the “ greenish shade.” 
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Next place 10 c.c. of the water sample in a similar flask, add a 
known quantity of the indigo from a burette, and 20 c.c. of the 
sulphuric acid. Heat as before; add more indigo if necessary. If 
overdone, repeat the trial with less indigo until the exact amount 
of indigo solution is obtained by comparison test with the “ blank 
already mentioned. It is important that the length of time taken 
in heating—say thirty seconds—should always be carefully mSiked 
and Adhered to. 

O.xidizcd indigo is of a clear yellow colour. 

Estimation of Nitrite.—Prepare the following solutions : 

1. Metaphenylenediamine. —Dissolve 5 grammes in 1,000 c.c. 

distilled water which has been acidified with a few drops of pure 
sulphuric acid. ' 

2. Dilute Sulphuric Acid. —Mix i i)art concentrated sulphuric 
acid with 2 parts distilled water. 

3. Sodium Nitrile. —Dissolve 0‘4o6 grainine pure* silver nitrite 
in boiling distilled water, add excess pure sodic chlorid^e solution, 
make up to 1,000 c.c. with distilled water, allow to settle, and 
make up 100 c.c. of this clear solution to 1,000 c.c. with distilled 
water. Alternately, dissolve 01823 gramme pure sodic nitrite in 
1,000 c.c. distilled water. Dilute 100 c.c. of this solution to 1,000 c.c., 
when I c.c. of this dilute solution will equal o'ooooi gramoie N^Oj. 
Store solutions in a dark place. 

Process. —Measure. 100 c.c. of the sample into a colourless glass 
cylinder capable of holding 150 c.c., add i c.c. dilute acid, and then 
I c.c. S.S. metaphenylenediamine, and stir well. Compare the 
tint thus pjoduced with a similar cylinder containing distilled 
water to which the required amount of S.S. nitrite has been adefed 
from a burette after the lapse of twenty minutes. As the colour 
alters in depth, a second trial is advisable under the same conditions 
and simultaneously. Calculate to parts per 100,000. 

Detection of Nitrites and Nitrates in Water.—The fol¬ 
lowing is a very useful test in cases where the presence of nitrites 
an"d*nitrates is uncertain or of not enough consequence to jus^fy a 
quantitative test: 

Take distilled water, a water of known freedom from nitrites and 
nitrates, or at least practically so, and the sample in three separate 
conical test-glasses of 2j inches diameter. Add to each a pinch of 

II—2 
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pyrogallol, slope the glass, and pour down slowly pure siilphuri; 
acid free from nitrogen (about 5 c.c.); then add a pinch of pure 
sodic chloride, and observe the reaction against a white back¬ 
ground. 

Any evolution of red fumes indicates the presence of nitrites; a 
red coloration in the vitriol shows nitrates. 

Estimation of Oxygen consumed by Organic Matter 
(Forschammer Process).—Prepare the following solutions:' 

1. Potassium Permanganate. —Dissolve 0'3q5 gramme pure 
KMnOj ini ,000 c.c. distilled water. Each c.c. of this solution 
contains o-ooi gramme available oxygen. 

2. Sodium Thiosulphate. —Dissolve i gramme in 1,000 c.c. dis¬ 
tilled water. 

3. Dilute Sulphuric Acid. —Mix i part pure acid with 3 parts 
distilled water. 

4. Potassic'Iodide. —Dissolve i part in 10 parts distilled water. 

5. Starch. —A clear, thin, cold aqueous solution (i : 100). 

Process. —Take two thoroughly clean 18-ounce Erlenmeyer flasks. 

Place in one 250 c.c. pure distilled water, and in the other 250 c.c. 
of the sample. Add to each 10 c.c. S.S. KMnOj and 10 c.c. of the 
dilute sulphuric acid solution. Cover with watch-glasses, and 
allow to*stand for three hours in a dark place. If the pink colour 
disappears during this interval the process must be repeated, 
using 20 c.c. or more of the S.S. KMn04. Then add to the first 
flask a little of the iodide solution, and titrate with the thiosulphate 
until the liquid assumes a pale straw tint; add a few drops of the 
starch solution and more thiosulphate, drop by drop, until the blue 
colour just disappears. 

Treat the sample flask in the same manner. 

Calculation. —Let x equal the number of c.c. S.S. thiosulphate 
used in titrating the distilled water, also y the number of thio¬ 
sulphate in the case of the sample ; then x—y will equal the number 
of c.c. of chiosulphate equivalent to the permanganate reduced by 
the ^ganic matter. Supposing that 10 c.c. of the S.S. KMnOi wke 
used, and representing this by the sjmibol z, then the weight of 
oxygen required to oxidize the organic matter in the 250 c.c. of 

the sample will be 

» ■ 
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But i equals 0 001 gramme oxygen ; therefore the quantity of 
oxygen consumed by 100,000 parts of the sample is— 

( .v-y)i:x 0 001 X 100,000 (,v-y) 0-4 
X X 250 ~ * 

Estimation of Hardness. —“Hardness” of water, or»soap- 
desfroying power, is due to the presence of dissolved salts of lime 
and magnesia. These combine with the fatty acids, forming in¬ 
soluble curd. Other impurities also prevent the formation of lather 
— e.g., chlorides, which precipitate the soap unaltered. 

Hardness is of two kinds—“ temporary hardness,” which can be 
removed by boiling, a<id is due to the presence of soluble bicar¬ 
bonates ; and “ permanent hardness,” which is not removed by 
boiling, but can be got rid of by treatment with alkalies. 

The hardness in water may be estimated by two jnethods—first, 
Clark’s process ; secondly, Hehner’s process. 

Clark’s Process. —This is the older process, and dbes not give 
accurate results when excess of magnesium salts are present, owing 
to the fact that magnesium salts require more soap solution than 
lime in a given time, and form a scum on the surface of the solution. 

Prepare the following solutions : 

1. Calcic CMoride. —Dissolve 0‘2 gramme pure Iceland spar in 
dilute hydrochloric acid, and evaporate the solution to dryness on 
the water-bath, covering the basin with a clock-glass to avoid 
spirting. Take up in water and again evaporate the solution to 
dryness, and repeat this process three times. Finally, take up 
with hot distilled water, and make the solution up to i,oocf c.c. 
at 15-5° C. 

2. Soap Solution. — Dissolve 10 grammes good Castile-soap 
shavings in a litre of methylated spirit or 35 per cent, alcohol. 
Dilute this solution until I4'25 c.c. just cause a permanent lather 
with 50 c.c. S.S. calcic chloride in this way. Measure 50 c.c. of the 
standard hard water into a 250-c.c. wide-mouth stoppered bottle 
(the stopper must be accurately ground in, and the bottle r?served 
for this purpose only); allow the solution to flow in from the pipette 
by gravitatici, else blowing from the mouth will cause a precipita¬ 
tion of the’ calcium carbonate. 

Then add the soap solution gradually, about i c.c. at a time, 
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vigorously shaking the bottle after each addition. Fresh additions 
are made until a lather begins to ajipear, which persists when the 
bottle is placed on its side. At this stage the soap must be added 
cautiously drop by drop, until the lather is jiersistent, and no 
bubbles are seen to break on the surface when the bottle is laid 
at rest on its side for a period of two minutes. 

The soap solution is then finally adjusted, so that i4'25« c.c. 
produce a “ permanent ” lather in this way with 50 c.c. of the 
standard calcic chloride solution. 

Estimation of Total Hardness — Process. —Place 50 c.c. of 
the sample under consideration in the test-bottle already described, 
after it has been rinsed free from the last (Operation with the aid 
of a little distilled water, and proceed by adding the soap solution 
gradually, and vigorously shaking after each addition, as already 
explained. „ 

If more than 16 c.c. of the .soap solution are required, a suitable 
quantity m'ust be taken of the sample, and diluted to 50 c.c., with 
the addition of distilled water. This is necessary, because when 
the amount exceeds iG c.c. S.S. soap the end-point is indistinct, 
and the total volume of water taken must always be 50 c.c., whether 
diluted os. otherwise. 

The degree of hardness (total) in the sample is thus obtained by 
reference to the hardness table (appended). 

Estimation of the Permanent Hardness.—Measure 250 c.c. 
of the sample into an Erlenmeyer flask, and boil it gently for thirty 
minutes, adjusting the amount from time to time by the addition 
of freshly boiled distilled water. Cool the contents of the flask as 
quickly as possible, make up to the original volume with cold 
freshly boiled distilled water, mix, and filter through a dry filter 
into a dry vessel. 

Titrate 50 c.c. as already described. 

The number of degrees thus obtained by reference to the hard¬ 
ness table represents the permanent hardness in the sample. ‘' 

TeAporapy Hardness. —The diflerence between the degree of 
total hardness and pemfanent hardness yields the temporary h&rd-. 
ness of the sample. .» 

Hewer’s Process for Hardness. — Prepare«'tlie foltowing 
solutions: 
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1. Svtphuric Acid. —^Twenty c.c. HoSOj made up to 1,000 c.c. 
with distilled water. 

2. Sodic Carbonate.—k solution (I'Ot) : 1,000) exactly equal to 
the above sulphuric acid in strength. 

One c.c. of the acid is equal to lO milligrammes calcic chloride. 

Process. —Titrate 100 c.c. of the sample with the acid, usjjig as 
the indicator methyl orange. Each c.c. used indicates l degree of 
temporary hardness. 

To another 100 c.c. of the sample a known amount of the sodic 
carbonate is added, more than sufficient to decompose all the 
soluble lime and magnesian salts. The resulting solution is evapo¬ 
rated to dryness in a,platinum basin, extracted with hot water, 
tiltei'ed, and titrated whilst still warm with the S.S. sulphuric acid. 
The alkali added, minus the acid used, gives the permanent hard¬ 
ness expressed as calcic carbonate. 

Estimation of Ammonia.—The nitrogen present in water may 
be in one or both of two forms, known as, first, “ free*ammon»a,” 
and, second, " albuminoid ammonia ”—free ammonia existing 
either as ammonia or ammoniacal salts (saline), and albuminoid 
ammonia, that, in combination with nitrogenous organic matter. 

The process consists essentially in distilling the ammonia in the 
presence of aqueous vapour from a very slightly alkaline solution, 
and testing the distillate with a sensitive indicator—^viz., Nessler’s 
solution. 

For this purpose it is necessary, therefore, to have a large (pre¬ 
ferably twq) well-fitting stoppered glass retort connected with a 
long Liebig’s condenser through which a strong current of water 
passes constantly. Also a series of measuring-flasks and pipettes, 
and one burette retained for this process only; several 50-c.c. 
and loo-c.c. " Kessler glasses,” all of the same diameter and thick¬ 
ness (this is very important for comparing equal volumes); and, 
finally, the following solutions : 

* 1 . Messier's Solution. —Dissolve 62 5 grammes potassium iodide 
in about 250 c.c. distilled water. Set aside a few c.c. of thif solu¬ 
tion, add with’constant stirring to the main' solution a cold saturated 
solution of mercuric chloride until a permanent precipitate appears. 
Carefully redistolve this precipitate (with the exception of a faint 
trace) by adding the reserved portion of the iodide solution drop 
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by drop with constant stirring. Add 150 grtcmmes potassium 
hydrate previously dissolved in 150 c.c. distilled water in the cold, 
and allow the Nessler solution thus jirepared to stand over for 
some days in the dark in a wcll-stoppered bottle. Decant (do not 
use a jiipette) a portion for use, after settling, into a reagent bottle 
provjded with a rubber cork through which a glass tube passes 
under the surface of the solution, and marked i c.c. and c.c. 
Fill this jiipette by pu.shing down into the solution, closing the 
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open end with the finger when filled to the required mark, and 
transferring the quantity to the test-glass. Do not suck the 
solution up into the pipette. ‘ « 

2. Standard Ammonium Chloride Solution .—Dissolve 1'5735 
grammes pure resublimsd ammonium chloride in 1,000 c.c. distilled 
water. This forms the “ stock solution.” Dilute this solution as 
may be required by taking 100 c.c. and making it^p to 1,000 c.c. 
wjth'distilled water (free from ammonia). 
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Each c.c. of the working solution (diluted solution) contains 
0-00005 gramme NHj. 

3. Ammonia-free Water .—Fill a large clean stoppered retort with 
fresh water and distil, collecting the distillates in 50-c.c. Nessler 
glasses ; as each glass is filled add 2 c.c. Nessler solution, and place 
the glass on a clean white tile. When the distillate show^ no 
brovnn coloration, proceed to collect all the water that comes over 
subsequently, and store it in a well-stoppered bottle in a cupboard 
away from any trace of ammonia fumes as “ ammonia-free water.” 

4. Alkaline Potassium Permanganate Solution .—Dissolve 10 

grammes KOH and 5 grammes KMnO, in 50 c.c. distilled water in 
a flask, and boil until the volume is reduced by one-half. Carry 
this out while the free ammonia is being estimated. • 

A larger quantify may be prepared and freed from ammonia as 
may be required. 

Estimation of the Free Ammonia.—Fifty c.c. of the sample 
are first tested with 2 c.c. of the Nessler reagent; if it .shows apy 
decided colour it may be necessary to distil a very small portion— 
sa}’ 250 c.c.—of the sample. If there is no appreciable tint, 
1,000 c.c. of the sample should be taken and placed in the retort, 
together with a pinch of freshly ignited sodic carbonate. The 
retort must have been previously freed from ammonia by boiling 
and testing the distillates till free with Nessler solution. Having 
charged the retort with the sample, boil its contents briskly over a 
rose flame or Argand burner, and collect each 50 c.c. of the dis¬ 
tillate in the Nessler glasses, taking care, however, that all aqueous 
vapour is condensed. The glasses should be rinsed out repeatedly 
and previously to use, and not under any circumstances wiped 
inside. Each distillate is tested in turn by adding 2 c.c. Nessler 
solution, and when no coloration is found the distillation is stopped, 
as all the free ammonia has then passed over. 

In a pure water this usually happens after the first, the purest 
wafers containing no free ammonia. It sometimes happens, notably 
in the case of sewage, that the later distillates contain more ammonia 
than the first. ■ In any case, all the free ammonia must be distilled 
over. 

Now pour intp a clean Nessler glass 50 c.c. ammonia-free water, 
and add as much S.S. ammonium chloride from the burette as will 
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produce the same depth of brown tint when treated with 2 c.c 
Nessler solution. It is imperative that the ammonia be added to 
the wafer before the Nessler solution, otherwise a turbidity will be 
produced ; nor must more ammonia solution be added to the glass 
after the Nessler solution has been already introduced. If the 
shac{ps do not correspond, the comparison must be rej)eated with a 
fresh quantity ol ammonia-free water, adding more or lesij S.S. 
ammonia as may be required. After a little practice it is quite 
easy to guess almost, it not altogether, to the tenth of a c.c. how 
much S.S. ammonium chloride is required to produce any given 
brown coloration. 

The total number of c.c. of ammonia thus required in all the 
distilTates added together represents the amount of free ammonia 
present in the sample. Thus— 

First cylinder required 07 c.c. S.S. NH4CI. > 

Second cylinder required o-2 c.c. S.S. NH4CI. 

*Third cylinder required nil c.c. S.S. NH4CI, showing no brown 
tint with Nessler. 

the 500 c.c. taken of the samplc= 0-9 c.c. S.S. NH4CI. 

= 0-g X 0-00005 gramme NHj. 

• = 0-000045 gramme NH,. 

And 0-000045 X 200-^ 0-009 part NH, per 100,000. 

Estimation of the Albuminoid Ammonia.—To the residue re¬ 
maining in the retort the alkaline potassium permanganate solution 
already described, and freed from ammonia, is rapidly added, 
together with a coil of clean recently heated platinum wire, to 
prevent bumping, and the process proceeded with as before. An 
alternative method is to place 500 c.c. of distilled water in a clean 
retort, and together with the required amount of permanganate 
solution, to distil until the distillate shows no trace of ammonia 
when tested with Nessler solution. This latter method I prefer, 
and then add a measured amount, usually half that taken for*iiie 
free Smmonia estimation, and proceed to distil as before. 

In the first instance the ammonia obtained will be the albuminoid 
ammonia only, and in the latter that of the total ammonia, from 
which the albuminoid ammonia may be ascertained by subtracting 
from the total the free already found. 
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Calculate the results as before into parts per 100,000. 
Estimation of Organic Carbon and Nitrogen (Frankland's 
Combustion Process).—This is estimated immediately after the 
Wanklyn (ammonia) process. 

If the amount of nitrogen is loss than 0 05 part per 100,000, a 
litre is evajwrated; if more than 0-05, and less than 0'2, half a litre; 
if more than 0'2, and less than i-o, then 100 c.c. of the sample is 
taken, or even less. 

Measure out the requisite amount of the sample into a Bischof 
evaporating apparatus, together with 15 c.c. sulphurous acid. 



Fig. 38.—Bischof Evaporating ,\ppakatu.s. 


In the case of sewage it is better to use hydric metaphosphate in 
place of sulphurous acid, as the ammonic phosphate is less volatile 
than the sulphite in cases where nitrates and nitrites are absent. 

^^ith a constant-level water-bath operating upon 1,000 c.c.. the 
evaporation may be accomplished overnight. 

ftepare a number of Jena glass combustion-tubes having an 
internal diameter of 10 millimetres and length about 450 millimetres 
by rinsing theiH out with water and then alcohol several times. 
Detach the residue from the glass evaporating-basin with the aid 
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of a flexible steel spatula, and thoroughly mix it with ground 
cupric oxide. Transfer it to a combustion-tube. 

It is preferable to prepare a series of combustion-tubes at one 
time, and to store them in a tightly fitting case away from dust. 

The residue plus cupric oxide should occupy about 30 millimetres 
of the length of the tube. Rinse out the dish with a little more 
oxide, and fill up the tube to about half its caj)acity with ft>arse 
granulated oxide, or, better still, finely cut cupric oxide wire. 
Insert a small coil of copper gauze, and finally a little more of the 
coarse granules or wire Now draw out the oj)en end for a distance 
of about 100 miUirnetre.s, ha\'ing a bore of about 4 millimetres, and 
bend^it at right angles thus ; 



39 —COMBUSTlON-XrivL. 


Rouim^ off the edges. This tube can be coupled to the Sprengel 
pump by means of thick-walled indiarubber tubing and a little 
vaseline or glycerine in such a way as to make a tight joint. 

The trbe having been placed in situ in the combustion-furnace, 
and coupled on to the mercury pump in the manner mentioned, a 
vacuum is set up in the apparatus. This is ascertained when the 
mercury falls with a loud clicking sound. As soon as this is at¬ 
tained the pump is stopped, and a test-tube filled with mercury 
is placed over the deli very-tube of the pump. The combustion 
is*now jnoceeded with in the usual way by slowly turning on the 
burners one after another, and finally heating the whole tube to 
redness for a period of about twenty minutes, the combustion 
occupying from fifty to sixty minutes. 

WTiile the “ whole ” tube is being heated the gases may be drawn 
off and transferred to the gas anal)rsis apparatus after complete 
exhaustion. 

Tfie gases consist of carbonic anhydride, nitric oxide, nitrogen> 
and occasionally carboiiic oxide. These are now estimated in the 
Frankland gas apparatus. This consists in a measuring-tube which 
is agcurately calibrated, and stands, together wfth the pressure- 
tube, in a column of water. The " laboratory vessel ” is connected 
-witjj this njeasuring-tube by means of a tightly fitting stpd joint, 
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a*d both it and the measuring-tube are provided with accurately 
ground stopcocks. Joints and cocks should be slightly smeared 
with resin cerate. 

Preparatory to the introduction of the gases, the laboratory 
vessel having been filled with mercury and connected with the 
measuring-tube, the reservoir is raised in order to expel all bubbles 
of air. The reservoir is next lowered, and the stopcocks are clSsed, 
when* the gases are introduced by upward displacement from the 
test-tube into the laboratory vessel. The cocks are then opened. 



and the gases drawn over into the measuring-tube and measured, 
the temperature being carefully noted to jV° C. at each measure¬ 
ment. The atmospheric pressure for the day is also noted. 

It may be that the gases contain a little sulphurous anhydride. 
This is best observed and estimated, if need be, by returning the 
gases to the laboratory vessel and adding a drop or two of the 
pofassic bichromate solution by means of the pipette provided 
with a bent dehvery-tube. 

If sulphurou? anhydride be present, the yellow solution will turn 
green in colour, and the gases may be again measured in order to 
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ascertain the true volume and loss due to the absorption of the 
sulphurous anhydride. 

The absorption of the carbonic anhydride is now carried out by 
the introduction into the laboratory vessel of a few drops of the 
saturated potassic hydrate solution by means of the pipette. Care 
must be taken that none of the absorbent .solutions are allowed 
over* into the measuring-tube. They must in no case extend 
beyond the stopcock of the measuring-tube, from which jwiiTt the 
gas is measured. As the carbonic anhydride absorption is some¬ 
what rapid, at the end of about five minutes the residual gases, 
which consist of nitric oxide and nitrogen, may be measured. 

Return these two gases after measurement to the laboratory 
vessel, and introduce a saturated solution of pyrogallic acid. If 
oxygen be present the pyrogallol will be darkened ; in this case 
introduce a few bubbles of jnire oxygen to oxidize the nitric oxide 



into pernitric oxide, which will in the latter condition be absorbed 
by the alkali. 

The residual nitrogen after cooling is finally measured. 

From these experiments we ascertain— 

(a) Volume of the three mixed gases. 

(b) Volume of nitric oxide and nitrogen. 

(c) Volume of nitrogen. 

These volumes must be reduced to o° C. and 760 millimetres 
pressure, and from these corrected volumes of nitrogen and car¬ 
bonic oxide the weights of nitrogen and carbon are calculated: 

If a=weight of total gas, 

6=weight of nitric oxide and nitrogen, 
c=weight .of nitrogen, 

then the weight of carbon will be («-&)?, and the weight 
of nitrogen will be 
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sAgain, i c.c, nitrogen weighs at 0° C. and 760 millimetres pressure 
0 0012562 gramme, and the formula, therefore, is— 

,,, 0 0012562 xvx-t) 

W'' =S '■ ■■ 

(I+ 0-00307 i) 7O0 

where W is the weight of nitrogen, v the volume, p the pressure 
corrected for tension of aqueous vapour, and t the temperatu?e in 
degrees C. 

The following is an example of an analysis of a sample of Chelsea 
water calculated by the aid of logarithms : 




B. 

C. 


'r«nal. 

Afici absorption 
of CO2. 

Nitrogen. 

Volume of ga'>.. .. , 

3*4670 C.C. 

0-2398 c.c. 

0-2398 c.c. 

Temperature 

20*6' C. 

20*6^ C. 

20-6“ C. 

Height of mercury in mea^ur- 
^ mg-fube 

Heiglit of mercury in pressure- 

300 mm. 

56)0 mm. , 

560 mm. 

tube .. 

258 

551 

474 , 

Difference 

42 

9 

86 

Plus tension of aqueous vapour 

]8 

18 

i8 


Go 

27 

104 

Height of barometer ., 

767 

767 

7<.-7 


60 

27 

104 

Therefore tension of dry gas.. 

707 

740 

663 

Log, of volume of gas.. 

0-53995 

1-37984 

1-37984 

^ , 0-0012562 

Log. of, — / „ , 

(i-t-o-qp367 (>760 

6-18659 

C-18O59 

6-18659 

Tension of dry gas 

2-84942 

2-86923 

2-82151 -j 

Log. of weight of gas calculated 

3-57596 

4-43566 

4-38794 

as N. 

=0-003767 

0*('M)02727 

0*0002443 


0*000273 

Deduct blank 

O*00fK)8 


0*003494 


0-00016 N. 

Mnitiply by 3. 

5=0*01048'' 



Divide by 7 

=0*00149 



Deduct blank. 

=0*0011 




0 00138 C. 

As i litre was used, this represents Carbon .. 0-138 part per 100,000. 
* Nitrogen 0016 „ 





176 


PRACTICAL AGRICULTURAL CHEMISTRY^ 


Ratio of carbon to nitrogen equals 8-6 ; i. 

It is necessary that a blank experiment be carried out, using the 
requisite quantities of all the materials, each time that a fresh 
supply is bought. 

, Intepppetation of Results of Watep Analysis. 

Ratio of Opganic Capbon to NitPOgen.— This ratio seens to 
indicate the nature of the organic matter present. In cases of 
purely vegetable organic matter the ratio of carbon to nitrogen is 
high, the reverse being so in that of sewage and other animal con¬ 
tamination. Peaty waters show an average ratio of about 12 : i to 
20 : surface waters from fields average 6,: i; shallow wells about 
4:1; deep wells rather less ; sewage i: 3. 

NitPOgen as Ammonia.—The presence of ammonium salts 
points to repent contamination ; their absence may be due to^ 
oxiefation into nitrates and nitrites. Upland surface waters usually 
edntain afiout 0 002 part per 100 000 ; they seldom exceed 0'008. 
Shallow wells average from O'l to O'01 ; spring water and deep 
wells 0 001 to O'Oi: sewage from 2 to 10 parts. 

A water containing 0 01 part free ammonia per 100,000 should 
be considered as doubtful. 

The amount of albuminoid ammonia in a drinking-water must 
not exceed O'OOS part per 100 000. 

Oxyg-en consumed by Opganie Mattep.— A very fair concep¬ 
tion of the relative purity of a water from organic contamination 
may be ascertained by estimating the oxygen consulted. Waters 
co*ntain the following parts per 100,000: 

(Jreat Purity. Medium Purity. Doubtfully Pure. Impure. 
Upland surface water . . Uptoo-i o*i to 0*3 0-3 to 0*4 over 0*4 
General sources.. .. Up to 0*05 0*05t0 0'i5 0’i5too*2 overo-a 

Nitpogen as Nitpates and NitPites.— These salts are pro¬ 
duced by the oxidation of the ammoniacal compounds inciden*»to 
nitrogenous organic impurities. Where complete oxidation has 
taken place the nitregen content exists wholly as nitrates; the 
presence, therefore, of nitrites shows partial oxidation. The 
presence of a large amount of nitrates and nitritej shows prexfious 
.sewage contamination. 
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Upland surface water ,. .. o*o to 0-05 part per 100,000, 

Surface water from arable soil .. 0-25 to 10. 

Shallow wells .. .. .. o-o to 30 0 (an average of about 5-o). 

Deep wells.. .. .. .. o-o to 5'O (an average of about O'S). 

Spring water .. .. ., Less than deep-well water. 

Chlorine, unless derived from salt beds or the vicinity of the 
sea, may always be looked upon as a sure sign of sewage contarnina- 
tion.* 

Unpolluted waters contain less than i part, and no supply should 
contain more than 2 parts, per 100,000. 

Shallow wells may sometimes contain a very large amount. 

Hardness. —Except for manufacturing and engineering purposes, 
where de|iosits, etc., ar 5 objected to, hard water does not seem to 
meet with any objection from a dietetic point of view, only that 
it is inconvenient from a soap-destroying standpoint. The presence 
of dissolved salts tends to give the water a pleasant flavour. .The 
exact nature of the hardness depends on the nature cjf the s^il 
through which the water has passed. Water from shallow wells 
contains hardnesses varying up to 100 parts or more per 100,000. 
Pit waters, as a rule, are exceptionally hard. There are various 
methods of softening water. The temporary hardness in water may 
be softened by Clark’s process, which consists in adding i ounce of 
quicklime for every degree of temporary hardness per 100,000 parts 
to 700 gallons of the water. 

Permanent hardness can only be got rid of by the addition of 
caustic alkalies, which would be impermissible in a domestic 
supply. • , 

From a study of the various methods and plants in use, I am 
of opinion that the plant and process known as the “ Criton,” 
manufactured by the Pulsometer Engineering Company, Limited, 
is by far the most economical and efficient. The same company 
also make filters capable of filtering both at atmospheric and in- 
dujfd pressures. Suspended matter is of least imjx)rtance, and can 
always be got rid of by filtration. The presence of a large anifunt 
of organic matter is very inadvisable, as it facilitates the growth 
of micro-organisms. 
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CHAPTER XV 

TYPICAL RESULTS OF ANALYSES 


Bone Meal. 


Moisture 


q- 46 \ 

Organic matter 


28-81 / 

Phosphoric acid 


26-05 

Tricalcic phosphate .. 


56*86 

Lime. 


34-65 

Alkaliea. 


5-31 

Sand 


5-‘9 

Nitipgen 


3-12 

(Equal to ammonia) .. 


3 7-8 

Bone 

Ash (Ground). 


Moisture 

. . 

0-25 

Organic mattei 


0-85 

•Phosphoric acid 


35 - 5 (> 

Lime 


47-09 

Magnesia, alkalies, etc. 


7-80 

Sand 


8 45 

100*00 


♦Equal to tricalcic phosphate. 77'63 


Animal Charcoal (Spent Char). 

Carbon .. j" 

Calcium and magnesium phosphates and nuonde 
Calcium carbonate .. 

Calcium sulphate. 

Ferric oxide. 

Silica .. 

Alkaline salts . 


. ^ Coppolites. 

Coprolites are found in England in Bedfordshin 
shire, Cambridgeshire, Norfolk and Suffolk; iu 
Russia. 

, 178 


34-20 

2yf>() 

51-71 

32-50 

5-fti 

4-00 

3-25 

3''>5 


0-40 

0-80 

3975 

52-u 

4-84 

2-10 


100-00 

86-78 


10-51 

80-21 

8-30' 

0-17 

0-12 

0-34 

0:35 

100-00 


2, Buckingham-.. 
France and in 
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Boulogne 

Bellegrade . 

Ardennes 

Russian 

Cambridge . 

Bedford 

Welsh 

Silurian Shale 


Per Cent. (Ca,I’aO„ 

•• 38-44 

.. 52 

• • 38-44 
.. 40 
.. 54 -C'> 

.. 50 

.. 62 

.. 56 


Guanos. 



1 Moisture. 

Organic 
Mat ter. 

Phosphoric 

Anhydride. 

Lime. 

Magnesia, 

etc. 

1 Silica. 

Meat meal .. 

1070 

82*23 

; 2*94 i 

2*52 

0*90 

0-70 

Ichaboe 

21-53 

38-87 

i 8-46 

0-38 

8*92 

12*86 1 

Peruvian 

10*30 

12*55 

16*04 

14-47 

5-64 

32*00 

Peruvian .. | 

12-62 

35-08 

14-18 

11*59 

19*04 

7*49 

Malden’Islan<l 

8 - 3 ' 

371 

32-86 

44-73 

10*39 

^ 0*00 

Malden Island 

7-02 

4-08 

33-07 

46-27 

8*66 

0*00 

Bats .. .. 

11-34 

21*50 i 

2*83 

14-47 

17-63 


Fish gnano .. 

23*34 

53-67 

6-51 

8-24 

6-47 

'-77 


TW'II 

O’Sq 
2-52 
8-8; 
0*14 
0*13 
y 4 o 
7-28 ■ 



Nitrogen. 

- Ammoni.i 

Hair waste 

13-16 

15*98 

Hair waste 

.. 11-27 

13*69 

Fur waste 

11-76 

14*28 

Shoddy 

7-0 

8*50 


Phosphates (General). 

New Cambridge rock 
Belgian 

Ground jTanadian 
Algerian 

Carolina (mineral) .. 

Chisholm Island (mineral) 

Bordeaux (phosphorite) 

German (Nassau or Lahn) (phosphorite) 

Alta Vela (phosphorite) 

Redonda Island (phosphate of alumina) 
Sombrero (Carnbean) (phosphate of aluminium) 
Navassa (phosphate of aluminium) 

St. Martin’s (phosphate of aluminium) 

Petro Keys (phosphate of aluminium) 

Aruba (phosphate of aluminium) .. 

Canadian (phos])hate of aluminium) 

^Igian (phosphate of aluminium).. 

Bedford (phosphate of aluminium) 

Port (^osphate of aluminium) 

Spanish (pho^hate of aluminium) 
Estramadura (phosphate of aluminium) 
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IVicalcic Phospliate 
(CaaPjO*) per Cent. 
,, 34 *iH 

.. 4 «'I 9 

• • 6479 

• ■ 6575 

•.. 46*60 

56*60 
.. 527b 
.. 64*86 
.. 42*65 
.. 40*80 
.. 68*70 

., 6o*66 
' • 3478 
., 60-00 
•• 65-74 
. . 62*70 
. . 40*80 
. . 52*00 

.. 6o*oo 

- • 63-53 
.. 7073 
12-^2 
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Soot. 


’• Moisture and organic matter 
Phosphoric acid 

lime ..' . 

COg, MgO, Fe.jO;j. AlgO^, etc. 
Silica .. 




• • 73'(>2 

.. 0-88 

2-32 

5-52 

17-66 

I 




100-00 

♦Nitrogen 




■ ■ 3-76 


Cotton Cake (Decorticated). 


Moisture .. 

.. 10-45 

t-i.? 

7'5 5 

10-00 

Oil . 

11-05 

■ 5'55 

14-13 

«-93 

♦Albuminoids 

•• . 3«'43 

43-25 

44 -P* 

.'; 3*46 

Mucilage, sugar, etc. 

.. 27-77 

26-60 

23-43 

20-83 

Fibre, 

4 '‘:o 

y-20 

4-46 

J ‘53 

(Ash . 

7-80 

( 5-25 

5-45 

5*^25 


ICK>*00 

100-00 

100-00 

UK)-00 

•Nitrogen .. < .. 

6-10 

6-92 

7-09 

8-47 

fSanh 

0-20 

0-25 

— 

o-io 


Cakes (Various). 


Cotton cake 

Decorticated cotton cake 
Linseed cake 
llaf e cake .. 

Saccharin cake 


Oil. 

Nitruseii. 

Fibre. 

4-30 

3-45 

21-0 

16-33 

6-65 

3*5 

18-00 

3-65 

7-0 

10-00 

— 

— 

15-00 

3-0 

4-0 


Dissolved Bones. 

Moisture 

‘Organic matter . 

Monobasic phosphate 
(ssTricalcic phosphate rendered soluble) .. 
Insoluble phosphates .. 

Sulphate of lime, alkalies, etc. 

Sand .. 


8*10 

36-22 

13*68 

21-42 

10-48 

26-02 

4*50 


Nitrogen 

Equal to ammonia 


100-00 

1- 90 

2- 30 


Kainit. 

Potassium sulphate .. 

Calcium sulphate , ,. 

Magnesium sulphate 

Mafmesium chloride. 

Sodium chloride 

Ferric oxide and alumina .. 

Silica .. ' .. . 


• • 25‘5i 
.. 1-26 

.. 18-07 
.. 14-29 

•• *5-36 
‘ . 0-23 

.. 0-20 
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Maize-Meal Cake. 


CHI. 


• • I 4 - 90 . 

Albuminoids . 


• • 25-57 

(Equal to nitrogen). 


4-06 

Ash. 


5-00 

Corn Manure. 



Monobasic phosphate 


.. 11-95 • 

=Tricalcic phosphate rendered soluble .. 


.. 18-71 

Insoluble phosphate . 


5-16 

Sulphate of lime, alkalies, etc. 


• • 34’64 

Potash (KyO) . 


0-31 

Nitrogen . 


.V17 

Linseed Meal. 



Moisture 

8-60 

10-35 

Oil .. .. . 

32-60 

13-03* 

'Albuminoids. 

21-10 

28-91 

Mucilage, sugar, etc. 

26-58 

30-23 

Woody fibre .. 

5-17 

6-33 

•Mineral matter . 

5-95 

. 5-15 


100-00 

ipo-oo 

•Nitrogen . 

3 ‘lfi 

4*59 

fSilica .. 

1-75 

0-25 

Nitrate of Soda. 



NaNOj. 

95-19 

o ;-84 

SUica. 

0‘2() 

0-12 

Moisture 

2*56 

1-47 

NaCl. 

i‘6o 

0-28 

NajS04 . 

Ref i action . 

0*45 
4*81 

0-29 

2-i6 

. Muriate of Potash. 



Potash (KjO). 

57-42 

5872 

=Muriate of potash (KCl). 

90-85 

92-93 

Moistme . 

6-40 

4-60 

Bone Manure. 



Monobasic phosphate 

Insoluble phosphate 


• ■ 28-77 


.. 7-16 

Nitiogen 


0-89 

Sewage Manure. 


.. r-58 

Phosphori* anhydride . 

• • • 

lime. 


• • 8-44 

Sulphuric anhydride . 


•. 4-85 

Alumina an^l ferric oxide. 


.. 10-94 

Magnesia aiid alkalies . 


1-13 

Nitrogen . 


1-54 
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Turnip Manure. 


^oluble phosphate .. 

.157-; 

Insoluble phosphate 

.X77 

Nitrogen 

. 1-45 


PJiosphonc acid 

Fish Manure. 

.. ()-88 * 

Lime .. 


12*84 

Nitrogen 


•. B*33 


Bean Meal. 


Moisture .. 

•• 1^75 

•• 

12-10 

7*00 

;-20 

OU . 

■ • 2-47 

J *42 

I *66 

1-26 

♦Albuminoids 

• • 973 

24*37 

26*37 

25-51 

Carbohydrates .. 

.. 56-08 

52*35 

54*46 

51-80 

Woody fibre * .. 

5-50 

6*66 

6*46 

8'33 

tAsh* . 

• • 3'47 

3*10 

4*05 

5-90 

• • 

lOO'OO 

100*00 

100*00 

100-00 

♦Containing nitrogen 

.. 3'i6 

3*9 

4*22 

4-05 

tContaining sand .. 

0‘82 

0*10 

0*85 

1-00 


Organic matter .. 

Soils (Various). 

.. .. 44-60 

38-75 

29-64 

Sand 

.. 39-24 

38-43 

47-56 

Lime 

0-48 

0-77 

0*48 

Iron, alumina, etc. 

• • 1570 

22*05 

22*32 

Nitrogen 

1-23 

1*15 

‘ 0*94 

Potash .. 

0-14 

0*12 

0*05 


Thirds. 


Moisture 

.. 11-80 

11-95 

12*90 

Oil . 

• • 5-67 

3-63 

3*00 

'Alb-jminoids 

.. 15-87 

15*12 

13-18 

Mucilage, sugar, etc. .. 

•• 55-31 

63-24 

63-46 

Woody fibre 

7*00 

3-26 

3-96 

fAsh . 

•. 4-35 

2-80 

3-50 


100*00 

100*00 

100*00 

’Containing nitrogen 

2*52 

2-4% 

2*09 

^Containing sand 

.. 0*05 

0-15 

0-15 
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Urine 

Organic matter . 

Nitrogen. 

Phosphoric acid 
Lime .. 


77*00* 

8-13 

1*23 

I’OO 


Superphosphate. 

l^hosphoric anhydride . 

Tricaicic phosphate .. 

Insoluble phosphates . 

Monocalcic phosphate 
Sand .. 

Organic matter 
Moisture 

Sulphate of lime and alkalies 


12*12 

26*46 

3*89 

16*90 

3*99 

8*80 

19-69 

467} 


Milk. 

« 

Avkkaue Composition from 200,000 Analyses (Vieth and Richmond). 

Water .. .. .. .. •• •• •• *87'io • 

T7nt 3’90 

Milk-sugar.475 

Casein .3’00 

Albumin .. .. . • • ♦ • • • • • • 

Ash.. 


Cheese (Pearmain and Moor). 


Sample. 


Cheddar 

American 

Gorgonzola 

Dutch 

GruyAre 

Stilton 

Cheshire 

ttoucester 

Camembert 

Parmesan 

Roquefort 

Double cream 

Bondon 

Cream (York) 



1 


P.eichert, 

Water. 

.\sh. j 

Fat. 

C.c. N. 

33-0 

4-3 

29-5 

24-2 

1 29-8 

37 

33-9 

26-2 

! 40-3 

5'3 

26-1 

22-1 

41-8 

6-3 

10-6 

27-0 

28-2 

47 

28-6 

30-0 

19-4 

2-6 

42-2 

29-0 

37-8 

4-2 

3i'3 

31-6 

33‘‘ 

5-0 

23-5 

31'4 

47'9 

47 

4f9 

31-0 

32'S 

6-2 

17-1 

28-0 

29-6 

67 

30-3 , 

. 36-8 

57 •& 

3-4 

39-3 

31-2 

39‘5 

07 

24-4 

29-4 

63-1 

; *'4 

6-5 

29-0 


Nitrogen. 


4-31 

476 

4'36 


4'93 

473 

4-03 

4-99 

3-43 

6-86 


4-45 

3-14 

1- 48 

2- 76 


Casein. 


27-4 

30-3 

277 

32-5 

31 "3 

2I-I 


21-8 

28-3 

19-0 

9’4 

17-9 
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Condensed Milk (Peannain and Moor). 


Brand. 

' ■ Total 

1 Solids. 

Fat. 

Milk. 

Sugar. 

Proteids. 

Cane- 

Sugar. 


Remarks. 

First Swiss . 

• ; 367 

10 *; 

14*2 

97 




Ideal • 

• 1 38'0 

I 3'4 

i6'0 

8-3 . 


r 

Unsweetened 

Viking 

• ! 34-2 

10*0 

■ 3-3 

9-0 

- 


f 

Anglo-Swiss 

i 74'4 

10*8 

i6-o 

8-8 ; 

37 ’* 



Fourpeniiy 
Mother 
Milkmaid . 

76-5 
. , 72-0 

76-3 

10*4 

8-8 

iro 

13- 0 

137 

14- 6 

9-8 , 
7'3 

97 ' 

41-3 

40-5 

387 

. 

Sweetened 

whole-milk 

Nestle’s 

• ! 77'2 

137 

15-0 

97 

37 ' 2 ] 



Calf 

58-0 

:•(> 

lO-o 

7-5 ■ 

31-9 



Cup 

• ■ 56'9 

I’O 

15-4 

8-5 

30‘4 



Goat 

71-0 

I’2 

12-0 

9'9 •' 

45'9 


Sweetened 

Handy‘ 

75'5 


17-0 

12-3 

44-3 


skim-milk 

L^ancer 

67-0 

0*3 


12-2 

35-8 



Minstrel 

7 S '3 

0‘2 

15-4 

97 

48-3 






Kephir 









KOnig. 

Hanimersteii. 


Fat .. 



1*44 


3*09 


Casein 



2-83 


2*90 


Lactalbumin 


0-36 


0*10 


Hemi-albumose 


o-26'I 





Peptone 



004J 


yjyjj 


Sugar 



2-41 


2*68 


Lactic acid .. 


I'02 


07.3 


Ash .. 



0‘68 


0*71 


Alcohol 



07s 


072 


Water 



90‘2I 

88*91 




100*00 

XOO'OO 
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TABLES OF FACTORS, ETC. 


International Atomic Weig^hts. 


Aluminium, A 1 . . 

0=16. 

27-1 

26-9 

Molybdenum, Mo 

0=16. 

96*0 

H = i. 

95-3 

Antimony. Sb .. 

120-2 • 

119-3 

Neodymium, Ne 

143-6 

irf 2-5 

Argon, A 

39 V 

39-0 

Neon 

20-0 

19-9 

Arsenic. As 

75-0 

74-4 

Nickel, Ni 

58-7 

58-3 

Barium. Ba 

137'4 

136-4 

Nitrogen, N 

14-04 

13-93 

Bismuth, Bi 

208-5 

2 o 6‘9 

Osmium, Os 

191-0 

189-6 

Boron, B 

ii-i) 

10*9 

Oxygen, 0 

?6-o 

15-8S 

Bromine, Br 

70-96 

79-36 

Palladium, Pd .. 

106-5 

105-7 

Cadmium. Ccl .. 

112-4 

111*6 

Phosphorus, P . . 

31-0* 

30 - 7 ? 

Cflrsium, Cs 

i 33 -<> 

132*0 

platinum, Pt . . 

194-8 

193-3 

Calcium, Ca 

40-1 

39-8 

l^tassium, K .. 

39-15 

38-86 

Carbon, C 

12-00 

11-91 

Praseodymium, Pr 

140-5 

139-4 

Cerium, Ce 

140-0 

139-0 

Radium. Ra 

225-0 

223-3 

Chlorine, Cl 

3 5'4 5 

35-18 

Rhodium, Rh .. ' 

103-0 

102-2 

Chromium, Cr .. 

52-1 

51-7 

Rubidium, Rb .. 

85-4 , 

84-8 

Cobalt, Co 

59-0 

58-56 

Ruthenium. Ru 

101-7 

100-9 

Columbium (Nio¬ 
bium), Cb 

94-0 

93-3 

Samarium, Sm .. 
Scandium, Sc .. 

150-0 

44-1 

148-9 

43‘8 

Copper, Cu 

63-6 

63-1 

Selenium, Se .. 

79-2 

78*6 

Erbium, E 

166-0 

164-8 

Silicon, Si 

28-4 

28-2 

Fluoiine, F 

19-0 

18-9 

Silver, Ag 

107-93 

107-12 

Gadolinium. Gd 

156-0 

155-0 

Sodium. Na 

23-05 

22-88 

Gallium, Ga * .. 

70-0 

69-5 

Stiontium, Sr .. 

87-6 

86-94 

Germanihm, Ge 

72-5 

71-9 

Sulphur, S 

32-06 

31-^ 

Glucinum (Beryl¬ 
lium). G 1 

9-1 

9-03 

Tantalum, Ta .. 
Tellurium. Te .. 

183-0 

127-6 

181-6 

126-6 

Gold, Au 

197-2 

195-7 

Terbium, Tb 

160-0 

158-8 

Helium, He 

4-0 

4-0 

Thallium. T 1 . . 

204-1 

202-6 

Hydrogen, H .. 

1-008 

1-000 

Thorium, Th .. 

232-5 

230-8 

Indium, In 

114-0 

113-1 

Thulium, Tm .. 

171-0 

169-7 

Iodine, I 

126-85 

125-90 

Tin, Sn .. 

119-0 

118-1 

Iridium, Ir 

Irmi, Fe 

193-0' 

191-5 

Titanium, Ti .. 

48-1 

47-7 

55’9 

55-s 

Tungsten, W .. 

184-0 

182-6 

/ Krypton, K 

81-8 

81-2 

Uranium, U 

238-5 

2 f 5-7 

X^anthanum. La 

138-9 

137-9 

Vanadium, V .. 

51-2 

50-8 

Lead, Pb 

206-9 

205-35 

Xenon, . 

128-0 

127-0 

Lithium. L .. ' 

7'03 

6-98 

Ytterbium, Yb .. 

173-0 

171-7 

Magnesium. Mg 

24-36 

24-18 

Yttrium. Yt . . 

89-0 

88-3 

Mn. . ^ 

55 'o 

54-6 

Zinc, Zn 

65-4 

64-9 

Mercury, Hg .. 

200-0 

198-5 

Zirconium, Zr .. 

90-6 

89-9 


185 
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Table of Factors. 

Required. | 

Weighed as 

Factor. 

Logarithm. 

Ar 

AgCl i 

07527 

1-8766273 

Agfl 

Ag 

>•3^85 

0-1233727 

\g«r 

Ag 

‘>■.3745 

1-7592616 

Agl 1 

Ag 

0-4597 

1 -662486? 

A1 i 

A1.,0., 

(>■5302 1 

1-7244559 

A1 ! 

Al,.P..b, 

0-2218 1 

1-3459667 


ALP^Oj 

0-4183 

1-6215108 

A"s’ 

As„S., 

0-6096 i 

1-7850359 

As 

Mg.As.,0, 

0-4840 

1-6848231 

As.,0.| : 

As.B., 

0-8044 ' 

1-9054868 

Ba 1 

BaSOj 

o'sasi ! 

1-7694390 

,BaO ' 

BaSO. 

o-()5(57 ' 

1-8173625 

BaCOa I 

Bi i 

BaSOj 

0-8454 

1 -9270469 

BiA 

0-8968 

1-9526876 

Br 

•AgBr 

1-2350 

0-3710621 

Ca 

CaS 

0-7742 

1 -8906569 

Ca 

CaO 

o>7i43 

1-8539030 

Ca 

CaCO., 

0-4001 

1-6021253 

CaO* 

CaCO., 

0-5600 

1-7482223 

C 

CO„‘ 

0-2727 

i-43572«6 

ro. 

co; 

1'3637 

0-1346986 

CO., 

CaCOs 

0-4400 

1 -6434092 

Cl 

AgCl 

o'2473 

1-3932080 

CN 

AgCN 

0-19437 

1-28863 

0% 

Cu 

CrA 

0-6882 

1-8377090 

CuO 

0-7984 

1-9022113 

Cu 

Cu.,S 

0-7980 

i-9020468 

Cu 

Cu,0 

0-8879 

1-9483591 

Cu 

Cu..(CJS)S)a 

0-5216 

1-7173578 

F 

CaF., 

0-4877 

1-6881904 

Fe 

FeA 

o-;oo 2 

1-8451913 

H 

ap 

0-11136 

1-0467237 

HCl 

AgCl 

0-2543 

i'-4053i62 

Hg 

HgS 

0-8640 

'■936519s 


BaSOj 

0-4205 

1-6237806 

T 

Agl 

0-5403 

1-7326252 

K 

K 2 SO 4 

0-4490 

1-6522402 

K 

KptCls 

o-i6li 

1-2071564 

KoO 

K 4 SO 4 

0-5408 

'•7330130 

KjO 

K.PtCl, 

0-1940 

1-2879292 

KjO 

KCI 

0-6319 

1-8006513 

KCi 

KaPtCI. 

0-3071 

' -4872779 

Mg 

MgPPr 

0-2166 

1-3355931 

MgO 

Mg,Pp, 

0-3606 

1-5570074 

Na 

N,%S 04 

0-3243 

1-5109565 

Na 

•Ilaa 

0-3940 

T 5954809 

NaqO 

NajSOj 

0-4368 

i-6403344 

N%0 

NaCl 

0-5307 

"1-7248588 

( 
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Table of Factors— 


Required. 

Weighed as 

Factor. 

N 

, (NH4),PtCl„ 

0-0633 

NH., 

; (Nlht^PtOs 

0-0769 

NHj 

i (NH4)„PtCl„ 

0-0814 

Pb 

PbSOj 

0-6829 

' P 

i Mg,PA 1 

0-2794 

P..O5 

MgAO; i 

0-6394 

POj 

1 Mg..P., 0 , 

0-8554 

Si 

■ SiO.. 

0-4699 

Sr 

1 SrSOj 

0-4767 

S 

BaSOj 

<>■1375 

SO.. 

BaSOj 

0-2747 

SO-i 

BaS04 

0-3433 

SO4 

BaS04 

0-4119 


Logurillim. 


^•8015156 
2-8857818 
2-9105912 
r 8343 «<^ 
1-4461828 
1-8057830 
1-9321902 
1 -6720456 
1 -6782784 
1-1382314 

1-4388538 

1-5356822 

i-6I48<J91 


Thermometric Scales. 

There are two scales most common in use—viz., the Centigrade 
and Fahrenheit. 



(F°- 32 ) 

9 


Relation of Degrees Twadell to Specific Gravity. 

„ specific gravity-1,000 

Degrees Twadell = - — —- 

•Specific gravity = (degrees Twadell x 5) +1,000. 
(Specific gravity of water being equal to 1,000.) 

Conversion of Weights and Measures. 

Cubic feet X 6-2355 ^gallons. 

Cubic inches x 0-003607 =gallons. 

Ounces x 28-349 =grammes. 

Grains x 0-0648 =graninies. 

Grammes x 15 ‘432 =grains. 

Pints X 567-936 =cubic centimetres. 

GaUons x 4'548 =litr^ 

Litres x 0*22 —gallbfis. 

Centimetres x 0-3937 =mches. 

Inches X 2-54 = centimetres. 

Griwss per gaUon 4- 0-7 =parts per 100,000. 

Parts per 100,000 x 0-7 =grains per gallon. 
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One c.c, hydrogen at o° C. and 760 millimetres weighs o-ooooSgS 

gramme. 

One c.c. nitrogen at 0" C. and 760 millimetres weighs 0-001258 
gramme. 

One gramme hydrogen at 0° C. and 760 millimetres measures 
II-6 litres. 

Specific gravity of hydrogen, air as unit, = o-o6g3. 

Specific gravity of air, hydrogen as unit, = 14-43 
One c.c. mercury at 0° C. weighs 13-596 grammes. 

Coefficient of expansion of gases = ^ =0-003665. 

27.5 

Hardness Table (Clark). 

Parts Calcium Carbonate per ioo.ooo. 



Parts 

CaCO,. 


II- 3 S 

11-50 

11-65 

n-80 

11- 95 

12- 11 

12-26 
12-41 
12-56 
12-71 

12- 86 
*13-01 

13- 16 

13-31 

13-46 

13-61 

13-76 

13- 91 

14- 06 

14-2I4 

14-37 

14 - 5 * 

14- 84 

15- 00 

15-16 
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C.c. Soap 
Solution I 
u^>ed. 


Parts 

CaCO,. 


u -3 15*32 

11-4 ■ 15-48 

iI-< i 15-63 
11-6 i 15-79 

11- 7 ' ’5-95 
n-8 i 16-11 
u-9 ; 16-27 

12- 0 ! 16-43 

12-1 16-59 

12-2 16-75 

12-3 16-90 

12-4 I 17-06 


Hardness ta-Uo—continued. 


I 


C.C. Soap ; 
Solution 
used. 


Parts 

CaCO.,. 


C.c. Soap 
Solution 
I u-sed. 


Farts 

CaCO,. 


C.c. Soap 
I Solution 
1 used. 


12*5 

17-22 

13-7 

12*6 

17-38 

13-8 

12-7 

17-54 

13-9 

12-8 

17-70 

- 

12-9 

17-86 

14-0 

14-1 

130 

18-02 

14-2 

13-' 

18-17 

14-3 

13-2 

18-33 

14-4 

13-3 

18-49 

14-5 

13-4 , 

18-65 

14-6 

1.3-5 

i8-8i 

14-7 

13-6 

18-97 

14-8 


I 19*13 

; 19*29 

19*44 


19*60 

19*70 

19*92 

20*o8 

20*24 

20*40 

20*50 

20*71 

20*87 


14'9 j 

15*0 ' 
l.")*! I 

15*2 

15*3 

i5‘4 

i.=i*5 

15*6 

15*7 

15*8 

15*9 

iO*o 


Parts 

CaCO,. 


21*03 

• 

21*19 

21-35 

21*51 

21*68 

21- 85 

22- 02 
22-18 
^ 2-35 
22-52 
22-69 
22-86 


Table for Kjeldahl Process (1 Gramme of suoftance 
being: used). 

One c.c. s acid = 0-0028 gramme N. = 0-0034 gramme NH,. 


I I 

Numberof. ^ In . 
^ N- Per Cent.' Per Cent. 
C'C. 5 N. i NHv 
Acid UNed. 


11 

12 

13 

14 

15 

16 
.17 

18 

19 

20 


0-28 

0-56 

0-84 

112 

1-40 

1-68 

1- 96 

2- 24 
2-52 

2- 80 

3- 08 

3-,36 

3-64 

3- 92 

4 - 20 
4-48 

4- 76 

5- 04 

s-33 

5-60 


0-34 

0-68 

1-02 

1-36 

1- 70 

2- 04 
2-38 

2- 72 

3- 06 

3-40 

3- 74 

4- 08 
4-42 

4- 76 

5 - 10 

5 -44 

5- 78 

6 - 12 
6-46 

,6-80 


Nuniljer of 

_ N 1 Per Cent. 
C c - 5 N. 
Acid tibcd. 


23 

24 

25 

26 

27 

28 

29 
.30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


5- 88 

6- 16 

6-44 

6- 72 

7- 00 
7-28 
7-56 

7- 84 

8- 12 
8-40 
8-68 

8- 96 

9- 24 
, 9-52 

9- 80 

10- o8 
: 10-36 
i 10-64 
I 10-92 

I 11-20 


Per Cent, 
NH,. 


Number of ^ ,, 

^ N ,PerC*il. 
Cc-T ' N. 
Acid used. 


7-14 

7-48 

7- 82 

8- l6 

8-50 

8- 84 

9- 18 

9- 52 

9- 86 

10 - 20 
IC-54 

10 - 88 
11-22 
11-56 

11- 90 

12- 24 
12-58» 

12- 92 

13- 26 
13-60 


41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


11-48 

11- 76 

12- 04 
12-32 

12- 6o 

12-88 

13- 16 

13-44 

13- 72 

14- 00 
14-28 
14-56 

14- 84 

15- 12 
15-40 
15-68 

15- 96 

16- 24 
16-52 
16-80 


Per Cent. 

NH,. 


13- 94 

14- 28 
14-62 

14- 96 

15- «o 

15-64 

15- 98 

16- 32 

16- 66 

17- 00 

17-34 

17- 68 

18- 02 

18- 36 
48-70 

19- 04 

I9--38 

19- 72 

20- o6 
20-46 
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Table for KJeldahl Process— 


! 1 

C.c. 5 acid used ; O'I 1 0-2 0-5 

» ' 1 

0 

4 ^ 

0 

0*6 

0 

0-8 

0-9 

Per cent. N. .. i 0*03 . 0*06 0*08 

o*n 1 0*14 

0-17 

0*20 

0'22 

0*25 

c 

Per cent. NH;, 0*03 ()'07 o'lO 

(ri4 0*17 

()'20 

1 

0*24 1 0*27 

••31 


I-og. 0 '(X;J8 = 3-.i47irt. 
Log. o'ao.4 = 3'5 448. 


T/ible for converting Nitrogen into Ammonia and 
Albuminoids. 


Albu' 


N.^ 

' NH,. • 

1 minoids 


' 

(.Nx6*25X 

• 



0 *(>i 

()•()! 

o‘o6 

0*02 

(ro2 

0-13 

0*03 

(>•04 

0*19 

0*04 

0*05 

0*21; 

0*05 

0‘(>6 

0*31 

0'06 

^)'C )7 

fi* 3 K 

0*07 

o'oy 

0-44 

0’o8 

(>•10 

0*50 

0*09 

0*1 I 

0*56 

O'l 

0*12 

0-63 

0-2 

0*24 

\- 2 <, 

“•3 

0*36 

1-88 

0'4 

0-49 

2';o 

0.3 

0*61 

3 '13 

0-6 

‘'>7.3 

3 - 7.3 

0-7 

0*85 

4-38 

0-8 

0*97 

5*00 

0'9 

i‘09 

5*63 

I'O 

1*21 

6*25 

I'l 

1-34 

6-88 

I'2 

1*46 

7*50 

1-3 

1-58 

8-13 

1 - 4 * 

170 

875 

1-5 • 

1*82 

9*38 

1-6 

1*94 

10*00 

1-7 

2»o6 

10*63 

I'8 

2«I9 

11*25 

I '9 

2*31 

ix‘88 


1 All.u- 

N. ' iinnoid.s 

J (Nx6*25) 

I 


2 *f> 

2'43 

12*50 

2 ' 


13-13 

2*2 

2-67 

I 3'75 

2*3 

2'79 

i 4 * 3 « 

2*4 

2'QI 

i5'oo 

2 * - 

3'<'4 

i.S '63 

2*6 

3'If. 

i6 '2'; 

2*7 

3-28 

i6'88 

2*S 

3 ' 4 o 

I 7 ' 5 <.> 

2*9 

3-52 

18-13 

.r‘> 

3-64 

18-75 

.n 

37 <'> 

19-38 

3*2 

3-88 

20-00 

3*3 

4'oi 

20-63 

3*4 

4-13 

21-25 

.r 5 

4-25 

21*88 

3*6 

4-37 

22*50 

37 

4'49 

23*13 

3 *H 

4'6i 

2375 

3*9 

4'73 

24’38 

4 *(> 

4-86 

25*00 

4 *‘ 

4-98 

25*63 

4*2 

5'10 

26-25 

4*3 

5'2 2 

26-88 

4*4 

5'.34 

27-50 

4*5 

.'>•46 

28-13 

4*6 

S -58 

28-75 

4*7 

5 ' 7 i 

29-38 





N, 

; 

, minoids 



'(Nx6*25). 

4-8 

5*^3 

1 30*00 

4'9 

; 5*95 

! 30-63 

5-0 

I 6*07 

1 3'-25 

5 -' 

i 6*19 

' 31-88 

5-2 

' 6-31 

i 32-50 

5-3 

6-43 

33-13 

5-4 

6*56 1 

33-75 

5'5 

6*68 

34-38 

5-6 

6*80 

35-00 

5-7 

6*92 

35-63 

5-8 

7*04 

36-25 

5-9 

7*i6 

36-88 

6-0 

“'7-28 

• 37-50 

6-1 

7-41 

38-13 

6-2 

7-53 

38-75 

6-3 

7-65 

39-38 

6-4 

7-77 

40-00 

6-5 

7-89 

40-63 

6-6 

8-01 

41-25 

6-7 

8-13 

41-88 

6-8 

8-26 

42-50 

6-9 

8-38 _ 

43 -l» 

7-0 

8-50 

43-75 

7 ’' 

8-62 

44-38 

7-2 

8-74 

45 '(S 0 

7'3 

8-86 

45-63 

7’4 

8-98 

46-25 

7-5 « 

9-11 

46-88 
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Table for converting Nitrogen Into Ammonia and 
Albumlnolds-<o»«t»ueii. 


N. 

NH». 

Albu. 

minoids 

(Nx6*25). 

7*6, 

9'2.3 

47*50 

77 

9-3.S 

4875 


9-47 

48-13 

7'9 

9-59 

49-38 

8*0 

971 

50-00 

8-1 

9-»3 

50-63 

8*3 

9-9.? 

51-25 

8*3 

lO'oS 

51-88 

8*4 

I 0'20 

52-50 

8*5 

10-32 

53-13 

8 '(-> 

'0-44 

5375 

87 

10*56 

54-38 

8-8 

I ..-68 

55-00 

8-9 

jo* 8 o 

55-63 

9-u 

10*93 

56-25 

9*1 

11*05 

56-88 

0*2 

11*17 

57-50 

9*.3 

11*29 

58-13 

9*4 

IT*4I 

58-75 

O's 

11-53 

59-38 

9-6 

11*65 

60-00 

9*7 

11*78 

60-63 

9-8 

11*90 

61-25 

9'9 

12*02 

61-88 

10*0 

12*14 

62-50 

IO‘I 

12*26 

63-13 

10*3 

12*38 

63-75 

10'3 

12*50 

64-38 

_ 

* 



N. 

NH,. 

Albu* 

minoids 



(Nx 6*25). 

10*4 

12-63 

65*00 

10*5 

1275 

65-63 

10*6 

‘ 12-87 

66-25 

10*7 

1 12-99 

66-88 

10*8 

1 13-1: 

67-50 

10*9 

1 13-23 

68-13 

11*0 

13-35 

68-75 

iri 

13-48 

69-38 

11*2 

1,3-60 

70-00 

•ii*3 

1372 ! 

70-63 

11*4 1 

13-84 

71-25 

11*5 I 

13-96 

71-88 

11*6 

14-08 ' 

72-50 

117 ! 

14-20 

73-13 

Ii*« ' 

14-33 . 

73-75 

11*9 

14-45 ■ 

74-38 

12*0 i 

14-57 j 

75-00 

12*1 1 

14-69 1 

75-63 

12*2 

14-81 1 

76-25 

12*3 

14-93 

76-88 

12*4 

15-05 

77-50 

12*5 

15-18 

78-13 

12*6 

15-30 j 

78-75 

12*7 

15-42 ! 

79-38 

12*8 

15-54 ! 

80*00 

12*9 1 

15-06 

80-63 

13*0 , 

15-78 

81*25 

13*1 

15-90 

8t*88 


N. 

NH.. 

• 

Albu* 

minoitU 

(Nxd'as). 

13-2 

16-02 

■ 82*50 

13-3 

16-15 

1 8S-13 

13-4 

16-27 

' 8375 

13-5 

16-39 

1 84-38 

13-6 

16*51 

85-00 

1.37 

16*63 

' 85-63 

13-8 

! i 6*75 

86-25 

' 3-9 

' 16*87 

; 86-88 

14-0 

17*00 : 

87-50 

14-1 ! 

17*12 

88-13 

14-2 

17*24 

88-75 

14-3 i 

17-36 

89-38 

14-4 ‘ 

17-48 

90-00 

14-5 ! 

17-60 

90-63 

14-6 

97-72 

91-25 

147 

17-85 

91-88 

14-8 

17-97 

92-50 

14-9 

18-09 

93-lb 

15-0 i 

l8-2t 

9375 

15-1 

18-33 

94-38 

15-2 ; 

18-45 

95-00 

15-3 ' 

18-57 

95-63 

15-4 

18-70 

96-25 

15-5 ' 

18-82 

96-88 

15-6 

18-94 

97-50 

157 

19-06 

98-13 

15-8 

19-18 

98-75 

15-9 ' 

19-31 

99-38 

16-0 

19-43 

1100*00 


Soluble or Volatile Acids in Butter Fat. 

Expressed as Butyric Acid, CjHgOg. 


C.C. N 

Alkali. 

• 

Percent, 

Soluble 

Acids. 

1*0 

0-18 

•1*5 

0-26 

2*0 

0-35 

2*5 

0-44 

3*0 

0-53 • 


C.c, 


N 

rs 


Alkali. 


3 - 5 

4- 0 

4- 5 

5 - 0 

5'5 


Per Cent. 

C c 

Per Cent, 

Soluble 


Soluble 

Acids. 

Alkali. 

Acids. 

0*62 

6*0 

1*06 

0*70 

6-5 

•**I4 

0*79 

7-0 

1*23 

0*88 

7-5 

1*32 

0*97 

8-0 

1*41 


Alkuii. 


! Per Cent.’ 
I Soluble 
Acids. 


8-5 

j ^-50 

9-0 

' 1-58 

9-5 

1 1-67 

10-0 

! 1*76 

10-5 

: 1*85 





19 : 


PRACTICAL AGRICULTURAL CHEMISTRY i 
Soluble OF Volatile Acids in Butter Tai— continued . 


• 

r ,> N 

Per Cent. 

Cr ^ 

I^cr Cent. 

r r N 

1 Per Cent. 


Per Cent. 




Soluble 





Alkali. 

Acidv 

Alkali. 

Acids. 

Alkali. 

' Acid.s. 

Alkali. 

Acids. 

■I 1 * 1 ) 

1*94 

I7-0 

2-99 

23 *(.) 

4-05 

29*0 

5-10 

ii;? 

2*02 

17-5 

3-08 

23'5 

4-14 

29-5 

• 5.19 

12*(> 

2 M I 

)8-o 

3-17 

24*0 

4*22 

30-0 

i-28 

^■2*.> 

2*20 

18-5 

3*26 

24 *.'; 

4-31 

30‘5 

5-37 

13*0 

2*29 

19*0 

3-34 

26*0 

4-40 

31-0 

5-46 

' 3-5 

2-38 

19-5 

3-43 

25-5 

4-49 

31-5 

5-54 

14*0 

2*46 

20*0 

3*52 

26*0 

4-58 

32*0 

5 ‘63 

14-5 


20*5 

3-61 

26*5 

4*66 

32-5 

572 

i 5 -() 

2-64 

2i'b 

3*70 

27*0 

475 

33-0 

5 -81 

I.‘ 5*5 

273 

21*5 

378 

27-5 

4-84 

33-5 

5*90 

i6*() 

2-82 

22*U 

3-87 

28-0 

. 4*93 

34-0 

5'98 

16* 5* 

2*90 

22-5 

3 '96 

28-5 

5*02 

34-5 

6-07 • 







35-0 

6-16 


C.c. alkali *. 

« • 

Per cent, soluble acids 


0*1 I 0*2 


0*02 I 0*04 


0*3 


0'05 


0*4 

0*07 


Butter Analysis. 


N 

vj. .Bijiiites ICOPt 

=o’o 2B Gramm. 

required for 
x,ooo Grammes of Fat 

KOH)> 

(+o’i C.c. “+0*6). 

34-9 

195*4 

35-0 

196*0 

35-2 

197-1 

35-4 

198-2 

35-6 

199-4 

35-8 

200-5 

36’0 

201-6 

36-2 

202-7 

36 '‘. 

203*8 

36-6 

205*0 

36-8 

206-1 

37-0 

207-2 

37-2 

• *08-3 

37-4 

209-4 

37'6 

210-6 

37’8 

211-7 


Sapolufication 

Per Cent. Margarine 

Equivalent* 

(-fo'i €.€.*= *1’8). 

286*5 

« 

, 10(^0 

2857 

98-3 

284-1 

i 94-8 , 

282-5 

1 91-3 

280-9 

, 87-5 

279-3 

' 84-0 

277-8 

80-5 

276-2 

77-0 

274-7 

73-5 

273-2 

69-7 

271-7 

66-3 

270-3 

62-8 

268-8 

59-3 

267-4 

55-8 

265-9 

52*0 

264-5 

48-5 
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Butter Analysis—coK/iMHcd. 


Cc. ^ Acid used 
(i C.c.=o'o 28 Gramme 
KOH). 


38*0 

38-2 

38-4 

38-6 

38-8 

39’0 


Grammes KOH 
required for 
i.ooo Grammes of Fat 
(■fo'i C.C. —+o‘6). 


212*8 

213*0 

215*0 

216*2 

217-3 

218*4 


30*2 
39*4 
30'6 
39-8 
40'0 
40'2 

40*4 

40*6 

40*8 

41*0 


219*5 

220*6 

221*8 


222*g 

2^4*0 

225*1 

226*2 



229*6 


Sapooiiicntion 

Equivalent. 


263*2 

261*8 

260*5 

250*0 

257*7 

250*4 

255*1 

253*9 

252*5 

251*2 
2 50*0 
248*8 
24--r, 
24.6-S 
245-1 
-! 43'9 


Per Cent. Margarine 
(+01 C.C.s: - 1*8). 


45*0 

41*5 

38-0 

34-4 

30-7 

27-3 

23-8 

20-3 

i6-5 

13-0 

9-5 

6-0 

2-5 


Phosphate Table. 


M62P3O7. Ca:,PaO,. CaP.iO«. , f -iO,. ^ Pu. 


0-1 

0*14 

0-09 

o-o 6 

0-028 

0-2 

0*28 

0-i8 

0-13 

0-05(1 

0-3 

0*42 

0-27 

0-19 

0-084 

0-4 

, 0-54 

0-36 

0-26 

0 -II 2 

0-5 

o-;o 

0-45 

0-32 

0-140 

0-6 

0-84 

0-54 

0-38 

0-168 

0-7 

0-98 

0-62 

0-45 

0-196 

0-8 

I-I 2 

0-71 

0-51 

0-223 

0*9 

1-26 

o- 8 o 

0-58 

0-251 

I-O 

1-40 

0-89 

0-64 

0-279 

i-l 

1-54 

0-98 

0-70 

0-307 

1-2 

1-68 

1-07 

0-77 

0-335 

w 

1-82 

I-i6 

0-83 

0-363 

i '4 

1-96 

1-25 

0-90 

0-391 


2-09 

1-34 

0-96 

0-419 

1-6 

2-23 

1-43 

1-02 

0-447 

1-7 

2'37 

1-52 

1-09 

0-475 

1-8 

2-51 

I-6l 

I-I5 

0-503 

J -9 

2-65 

1-70 

1-22 

0-531 


Mgop.jO:. CusPaOs. CaPaO,, ! PuO,. p« 


2-0 

2-79 

1-78 

1-28 

0-559 

2-1 

2-93 

1-87 

1-34 

0-587 

2-2 

3-07 

i-q6 

1-41 

0-614 

2-3 

3-21 

2-05 

1-47 

0-642 

3-4 

3-35 

2-14 

■•54 

; 0-670 

2-5 

3-49 

2-23 

1-60 

0-6q8 

2-6 

3-63 

2-32 

1-66 

0-728 

2-7 

3-77 

2-41 

■•73 

0-754 

2-8 

3-91 

2-50 

■1-79 

> 0-782 

2-9 

4-05 

2-59 

1-86 

0-810 

3-0 

4-19 

2-68 

1-92 

■ 0-838 

3-1 

4-33 

2-77 

1-98 

t 0-866 

3-2 

4-47 

2-85 

2-05 

■ 0-894 

3-3 

4-61 

2-94 

2-11 

0-922 

3-4 

4-75 

3-03 

2-18 

, 0-9^0 

3-5 

4-89 

3-13 

2-24 

0-078 

3-6 

5-03 

3-21 

2-30 

1-006 

3-7 

5 -ir 

3-30 

2-37 

1-033 

3-8 

5 - 3 ' 

3-39 

2-43 

I-061 

3-9 

5-45 

3-48 

2-50 

1-089 


ft 
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Phosphate T&hle—cotnintied. 


M®PA- CwP-iOs- CaP.jOii. P4O.V j 


|MK4P'/>7'Ca'PaO#’ CaPjOd- PaOn. 


4*0 

5*59 

3*57 

2-56 

1-117 

Q-0 

12*57 

4*1 

5*73 

3*66 

2-62 

T145 

g*i 

I2'7l 

4*3 

5*87 

3*75 

2-C9 

1-173 

9*2 

12*85 

4*3 

6*00 

3-84 

2-75 

1-201 

9*3 

i2*Qg 

4*4 

6*14 

3‘93 

2-82 

1-229 

Q*4 

13*13 

4 5 

6*28 

4-01 

2-88 

1-257 

0*=; 

13*27 

4*6 

6*42 

4-T0 

2-94 

I-28S 

94) 

13'M 

4'T 

6*59 

4-19 

3 - 0 T 

1-313 

9*7 

T3*55 

4-8 

6*70 

4-28 

3'07 

1-341 

9-S 

13*0g 

4*9 

6*84 

4-37 

3-14 

1-3(19 

y*9 

i3*«3 

‘;‘0 

6-98 

4-46 

3-20 

1-396 

TO'O 

13-96 



4-55 

3-26 1 

1-424 

IO*T 

14-10 


7-26 

4-64 

3-33 

'-452 

10*2 

14-24 

5*3 

7-40 

473 i 

3‘39 : 

1-480 

]<r3 

,14-38 

5'‘< 

;-54 

4-82 : 

3'4i i 

1-508 

10-4 

14-52 

5*5 

7-68 

4-91 

3-52 

1-536 

10*5 

14-66 

5*^^ 

7-82 

5-00 

3-58 , 

1-5(14 

io4) 

14-80 

5*7 

7-9(1 

3-0,8 

3-65 ! 

1-592 

107 

14-94 

5*8 

8-1^ 

5-17 : 

37' , 

1-620 

ID'S 

15-08 

r9 

8*24 

5-26 , 

377 ' 

1-648 

I0’9 

15-22 

f fS‘0 

. 878 

5-35 

3-84 

1-676 

iro 

15-36 

6'T 

872 

5-44 

3'90 

1-704 


15-59 

6-2 

RTSO 

5-53 

3-97 

1-732 

I I'2 

15-64 

^’•3 

8-80 

5-62 

4-'>3 

1-760 

11*3 

15-78 

6*4 

8-94 

57' 

4-09 

1-787 

11-4 

15-92 

(>‘S 

9-08 

5-80 

4-16 

1-815 

11*5 

16-06 

6*6 

g-22 

3-89 

4-22 

1-843 

11*6 

16-20 

67 

<- g-36 

5'9« 

4-29 

1-871 

117 

16-34 

6‘8 

9'5« 

6-07 

4-35 

1-899 

ir8 

16-48 

6*9 

9-O4 

6-15 

4-41 

1-927 

11*9 

16-62 

7*0 

977 

6-24 

4-48 

1-955 

12*0 

16-76 

7-1 

9-91 

6-33 

4-54 

1-983 

12*1 

16-90 

7*2 

10-05 

6-42 

4-61 

2-011 

12*2 

17-04 

7*3 

lO-ig 

6-51 

4-67 

2-039 

1^*3 

17-18 

4- 7*4 

'0-33 

6-60 

473 

2-067 

12*4 

17-32 

"7*5 

10-47 

6-69 

4-80 

2-095 

12*5 

17-46 

7*6 

10-61 

6-78 

4-86 

2-123 

12*6 

17-60 

7'7 

1075 

6-87 

4-93 

2-151 

127 

1773 

7:8 

io-8g 

6-96 

4-99 

2-178 

12-8 

17-87 

7*9 

11-03 

7-05 

5-05 

2-206 

12*9 

18-01 

8-0 

n-17 

7-14 

5-12 

2-234 

13*0 

18-15 

8*1 

11-31 

7-22 

5-18 

2-262 

13*1 

18-29 

8'2 

11-45 

7-31 

5-25 

2-290 

13*2 

18-43 

8*3 

11-59 

7-40 

5-31 

2-318 

13*3 

18-57 

1173 

7’49 

5-37 

2-346 

13*4 

18-71 

8^ 

11-87 

7-58 

5'44 

2-374 

13*5 

18-85 

8*6 

12-01 

7-67 

•5-50 

2-402 

13-6 

18-99 

87 

12-15 

7-76 

5-57 

2-430 

137 

19-13 

8*8 

12-29 

7-85 

5-63 

2-458 

13-8 

1 19-27 


12-43 

7-94 

5-69 

2-486 

13-9 

, 19-41 


576 i 2-514 
5-82 I 2-541 
5-8(3 I 2-5(19 

5- 95 I 2‘597 

(1-07 2-(i25 

6- 08 2-(>53 

6-14 *2-681 
6-21 2-709 

0-27 2-737 

f>-33 t 2’7('5 
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Phosphate TtMle— continued . 







"i 



-— 

—--— 

^IgaPaO;. CtuPaOo 

j C.iP.jO,j 

1 P2O3. 

I'j- 

f 

-9 

Ca;iP.20g 

: CaPaOo. 

P20,. 

« 

P2. 

14‘0 

1 10*55 

1 

1 T 3 * 4 g 

' 8*96 

3*910 

19*0 

26-53 

16-95 

12*15 

5-306 

I 4 ‘i 

i 1 !.)■(,<) 

1 12*58 

9*02 

. 3-938 

19*1 

26*67 

1 17*04 

12*22 

5*334 

14-3 

19-83 

12-67 

9*08 

3-966 

19*2 

26*81 

17*13 

12-28 

5-362 

14-3 


i 12*76 

0*15 

i 3*994 

19*3 

26-95 

17*21 

12-35 

5*390 

14-4 


1 12*84 

, 9*^1 

; 4*022 

19-4 

27-09 

17-30 

12*41 

5 --ti 8 

14 * 5 * 


12*93 

, 9*^8 

j 4*050 

19*5 

27-23 

17-39 

12*47 

5-446 

I4'6 

; 

; 13-02 

■ 9*34 

■ 4-078 

19*6 

27-37 

17-48 

12*54 

5*474 

147 

20*53 

1 J.m 

9*40' 4*105 

19*7 

27*51 

17-57 

12*60 

5*502 

14*8 

2O-07 

1 V20 

' 9*47 

4-133 

19-8 

27-05 

17-66 

i2*r 7 

5*530 

I 4 -Q 

20*8 T 

; IV 29 

9*53 4 *i<>i 

19*9 

27-79 

' 7-75 

12-73 

5-558 

I VO 

2o-g5 

! 13-38 

9*60 

4-189 

20*0 

27*93 

17-84 

12*70 

5-586 

> 5 -t 

21*0<) 

^ 5 ’*< / 

<>*f)6 

4*217 

20*1 

28*07 

17*93 

12*86 

5-614 

15 ’^ 


M -50 

9-72 

; 4-245 

20*2 

28*21 

18*02 

12*92 

5-642 

15-3 

1 ^'-37 

13-65 

9 -;t) 

! 4-273 

20*3 

28-35 

I8-II 

12*99 

51(169 

' 5'4 

; 21*50 

13-74 

9-85 

! 4*301 

20*4 

28-49 

18-20 

13*05 

5-697 

15 *^ 

21*04 

13-83 

9 * 9 ^ 

' 4-329 

20*5 

28-63 

18*28 

13-11 

5*725 

1 5 - 1 ’ 

■ 21*78 

1 i.roT 

9-98 

1 4*357 

20*6 

28-77 

18-37 

13-18 

5*753 

157 

1 21*92 

■ 14*00 

10*041 4*385 

20*7 

28-91 

18*46 

13*24 

5-781 


i 22*o0 

' 14-01) 

lO’I I 

I 4*413 

20*8 

29-05 

18-55 

'3-31 

5-800 

IVO 

1 22*20 

14*18 

10*17 

i 4*441 

20*9 

29-19 

18-64 

13-37 

5-837 

Kvo 

! 22-34 

I 4’27 

10-23 

4*469 

21*0 

29*32 

18-73 

13*43 

5-86* 

I6*l 

, 22*48 

14-36 

10*30 

4-496 

21*1 

29-46 

i8*82 

13*50 

5-893 

i6'2 


14*45 

10*36 

4*524 

21*2 

29*60 

18-gi 

13-56 

5*921 


22-7» 

J 4*‘^4 

10*43 

4 * 55 *^ 

31*3 

29-74 

19*00 

13-62 

5*949 

16*4 

22*90 

14-63 

10*49 

4-580 

21*4 

29*88 

19*09 

13-60 

5*977 

i6-5 

23-04 

14-72 

10*55 4*608 

21*5 

30*02 

19-18 

13*75 

6*005 

16*6 

23-iX 

14*81 

10*02 

4-636 

21-6 

30-16 

19-27 

13-8- 

6-033 

-1O7 

23-3^ 

14-89 

10*68 

4*664 

21-7 

30-30 

19*35 

13-88 

6*060 

.i0'8 

23 ‘ 4 (' 

14-98 

10*75 

4-692 

21*8 

30-44 

19*44 

13*94 

6-088 

16-9 

23*60 

15*07 

10-81 

4-720 

21*9 

30-58 

19-53 

14*01 

6*116 

17-0 

2374 

15*16 

10*87 1 4*748 

22*0 

30 72 

19*62 

14*07 

6-144 

i/’l 

23-88 

i 5‘-5 

10*94 

4-776 

22*1 

30-86 

19*71 

14*14 

6-172 

I7-2 

24*02 

15*34 

I 1*00 

4-X04 

22*2 

31*00 

19*80 

14*20 

6-200 

17-3 

^4-16* 

' 5-43 

11*07 

4-832 

22-3 

31*14 

19-89 

14-26 

6*228 

17-4 

24-30 

15-52 

11-13 

4-800 

22*4 

31-28 

19-98 

14-33 

6-25fli 

17-5 

24-44 

15-61 

11*19 ; 4*887 1 

22*5 

31-42 

20*07 

14-39 

6-284 

17*6 

24- 5 « 

I V7O 

11*26 

4*915 

22-6 

31-56 

20*16 

14-46 

6-312 

177 

24-72 

15-79 

11-32 

4-943 

22*7 

31*70 

20*25 

14*52 

6.340 

17-8 

24-80 

15*88 

11-39 

4-971 

22-8 

31-84 

20-34 

14-58 

6-368 

17-9 

25-00 

15-97 

11*45 

4*999 

22*9 

31-98 

20-43 

14-65 

6-396 

18-0 

25-14 

16-05 

11*51 

5-027 

33*0 

32*12 

20*51 

14*71 

6-423 

i8*i 

25-27 

16-14 

11*58 

5-055 

23*1 

32-26 

20*60 

14-78 

6-451 


25-41 

16-23 

IT •64 

5-083 

23-2 

32-40 

20-69 

14-84 

6-479 

i8*3 

25-55 

1(2-32 

11-71 

5-111 

23-3 

32-54 

20-78 

14*90 

6-507 

18-4 

25-69 

16-41 

11-77 

5-139 

23-4 

32-68 

20-87 

14*97 1 

6-*35 

i8'5 

25-83 

16*50 

11*83 

5-167 

23-5 

32-82. 

20 -q6 ■ 

15-03 1 6-563 

i8’fi 

25-97 

16-59 

11*90 

5-195 

23-6 

32-96 

21*05 i 

15*10 ' 

6-591 

187 

26-11 

16-68 

11-96 

5-223 

23-7 

33-09 

21*14 i 

15-161 

6-619 

l8-8 

26-25 

16-77 

12-03 

5-250 

23-8 

33-23 ; 

21*23 : 15*22 

6-647 

i8'9 

26-39 

lC'86 

12*09 

5-278 

23-9 

33-37 1 

21*32 j 

15-29 1 

6-675 


13—2 
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PRACTICAL AGRICULTURAL CHEMISTRY 


Phosphate TaXAe—continued. 


■ t 1 

Mg2p207-jCa3PvOf( 

i 

PaO». 

P2 

MgsPaO; 

Ca»PaO». CaPaOft. 

I’sOf 


24*0 

; 33-5‘ 

21*41 

15-35 

6-703 

29*0 

40*50 

25-87 

. 18-55 

8*099 

24*1 

33-65 

1 21‘SO 

115-42 

6-731 

29*1 

40*64 

25-95 

; i8*6i 

8-127 

24*2 

33-79 

j 21-58 

115-48 

6-759 

29*2 

40-78 

, 26*04 

18-68 

s-155 

24'3 

33-93 

21*67 

15-54 

6-787 

29-3 

' 40*92 

26* 13 

118-74,8-183 

24'4 

34*07 

' 21*76 

!1q*6l 

6*814 

29*4 

1 41*06 

1 26*22 

1 i8*Hi 

[ 8*211 

24-5 

34-21 

21*85 

' 15-67 

6*842 

29*5 

1 4T-19 

; 26*31 

1 18-87 

*■-239 

34-6 

34*35 

21*94 

->5-74 

6*870 

29*6 

1 41-33 

• 26*40 

i i8'93 I 8*267 

247 

34*49 

22*05 

15*80 

6*898 

29-7 

1 41*47 

' 26*49 

i I0‘o<) 1 8*20^ 

24-8 

34-63 

22*12 

15-86 

6*9'26 

29*8 

i 41-61 

1 26-5S 

19*06 

1 8-323 

24*0 

34-77 

22*21 

*5*93 

6-954 

2Q*9 

; 41-75 

26-67 

19*13 

8-351 

2V0 

34*yi 

22*30 

15-99 

6*982 . 

30*0 

. 41-89 

. 26*76 

19*19 

1 S-378 

25-1 

35*05 

22*39 

16*06 

7*010 

30*1 

' 42-03 

26*85 

19*25 

8*406 

2V2 

35-19 

22-48 

l6*I2 

7-038 

30*2 

' 42-17 

26-94 

19*32 

8-434 

257 

35-33 

22-57 

I6*l8 

7*066 

30-3 

42-31 

27-03 

19-38 

8*462 

25*4 

JS-47 

22*66 

16-25 

7*094 

3«'4 

42-45 

27*11 

19*45 

8*490 

25‘5 

35-6' 

22*74 

16-31 

7*122 

36*5 

42*59 

27*20 

19*51 

X*5i8 


35-75 

22-83 

16-38 

7-150 

30-6 

42-73 

27*29 

19*57 

8-546 

257 

35-89 

22*92 

16-44 

7-178 

307 

42-87 

27-38 

19-64 

8-574 

2?6 

36-03 

23*01 

16*50 

7*205 

30*8 

43*01 

27-47 

19*70 

8*602 

_ 2 y 9 

46-17 

23*10 

16-57 

7-233 

30*9 

43-15 

27-56 

10-77 

8*630 

26*0 

^36-31 

23-19 

16-63 

7-261 

3 *0 

43*29 

27-65 

19-83 

8-658 

2(yl 

36-45 

23-28 

16*70 

7-289 

31-1 

43-43 

27-74 

19-89 

8*686 

26*2 

36-59 

23-37 

16*76 

7-317 

31*2 

43*57 

27-83 

19-96 

8-714 

26-3 

36-73 

23-46 

16-82 

7’345 

31-3 

4371 

27*92 

20*02 

8-742 

26-4 

36-87 

23-55 

i6*8q 

7-373 

31-4 

43-85 

28-01 

20*09 

8-769 

26-5 

37*00 

23-64 

16-05 

7*401 

3* *5 

43-99 

28*10 

20*15 

8-797 

26*6 

!.7-i4 

23-72 

17*02 

7*429 

31*6 

44*13 

28-18 

21*21 

8-825 

267 

37-28 

23-81 

17*08 

7-457 

31-7 

44*27 

28-27 

20*28 

8-853 

26-8 

37-42 

23-90 

17-14 

7-485 

31-8 

44*41 

28*36 

20-34 

8-881 

26-9 

37-56 

23-99 

17*21 

7-513 

31-9 

44-55 

28-45 

20*41 

8-909 

27*0 

37-70 

24-08 

17-27 

7-541 

32*0 

44-69 

28-54 

20-47 

8-937 

277 

37-84 

24-17 

17-33 

7-569 

32-1 

44-82 

28-63 

20-53 

8-965 

27-2 

37-98 

24-26 

17-40 

7-597 

32*2 

44-96 

28-72 

20'6o 

8-993 

27-3 

38-12 

24-35 

17-46 

7-624 

32-3 

45-10 

28-81 

20-6j 

9*021 

(27-4 

38-26 

24-44 

17-53 

7-652 

32-4 

45-24 

28-90 

20*72 

9-049 

27-5 

38-40 

24-53 

17-59 

7-680 

32-5 

45-38 

28-99 

20-70 

9-077 

27-6 

38-54 

24-62 

17-65 

7-708 

32-6 

45-52 

29-08 

20-85 

9-105 

277 

38-68 

24-71 

17-72 

7-736 

32-7 

45-66 

29-17 

20*92 

9-133 

27-8 

38-82 

24-80 

17-78 

7-764 

32-8 

45-80 

29-26 

20*98 

9-160 

27-9 

38-96 

24-88 

17-85 

7-792 

32-9 

45-94 

29-34 

21*04 

9-188 

28*0 

39*10 

24-97 

17-91 

7-820 

33-0 

46-08 

29-43 

21*11 

9-216 

28*1 

39-24 

25-06 

17*97 

7-848 

33-1 

46*22 

29-52 

21*17 

9-244 

28-2 

39-38 

25-15 

18-04 

7-876 

33-2 

46-36 

29-61 

21*24 

9-2^2 

28-3 

39-52 

25*24 

i8*io 

7-904 

33-3 

46-50 

29-70 

21*30 

9-300 

28e4 

39-66 

25-33 

18-17 

7-932 

33-4 

46*64 

29-79 

21-36 

9-328 

28-5 

39-80 

25-42 

,1^-23 

7-959 

33-5 

46-78 

29-88 

21-43 

9-356 

28*6 

39-94 

25-51 

18-29 

7-987 

33-6 

46-92 

29-97 

21-49 

9-384 

287 

40-08 

25-60 

18-36 

8-015 

33-7 

27-06 

30-06 

21-56 

9-412 . 

^■s 

40*22 

25-69 

18-42 

8-043 

33-8 

47-20 

30-15 

21-62 

9-440 

28-9 

40-36 

25-78 

18-49 

8-071 

33-9 

^’•34 


21-68 

9*468 
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TABLES OF FACTORS, ETC. 


Phosphate TsMe—continued. 





— - 

— 


-- 

- — 

— 


•Mg-jPoO?. 

CaaPaO^. 

CaPyOfl. 

P2O5. 


Mg-iPaOr.lcaaPaOg. CaP-jOfl. 

PsOb- 

•Po. 

34*0 

47-48 

30-33 

2175 

9-496 

39*0 

54-46 

34-78 

24-95 

10*892 

34*1 

47-02 

30-41 

2i*8l 

9-523 

39-1 

54-60 

34-87 

25*01 , 10*920 

34*2 

47-76 

30-50 

21-88 

9-551 

39-2 

54-74 

34-96 

25-07 

io*94» 

34’3 , 

47-go 

30*59 

21*94 

9-579 

39-3 

54-88 

35-05 

25*14 

10*976 

34*4 

48*04 

30*68 

22*00 

9*607 

39-4 

55*0^ 

35-14 

25*20 

11*004 

34Mi 

48*18 

30-77 

22-07 

9-635 

39-5 

55-16 

35-23 

25-27 

11*032 

34'<' 

48'3-! 

30*86 

22*13 

9-663 

39-6 

55*30 

35-32 

25-33 


34*7 

48-46 

30-95 

22*20 

9-691 

39*7 

55*44 

35-41 

25-39 


34‘8 

48*60 

31*04 

22*26 

9-719 

39-8 

55-58 

35-50 

25-46 

11*115 

34*9 

48-74 

31-13 

22*32 

9-747 

39*0 

55-72 

35-59 

25*52 

11-143 

35'“ 

48-87 

31*22 

22*39 

9-775 

40*0 

55-86 

35-68 

25-59 

11*171 

35*1 

49*01 

31*3^ 

22-45 

9-803 

40*1 

56*00 

35-77 

25-65 

11*199 

35*2 

40''5 

3t*40 

22*52 

9-831 

40*2 

56-14 

35-85 

25-71 

11*227 

35*3 

49*29 

3>-49 

22*f8 

9-859 

40-3 

56-28 

35-94 

25-78 

11*255 

35*4 

49*43 

31-57 

22*64 

9-887 

40-4 

56-42 

36-03 

25-84 

m-283 

35*5 

49*57 

31-66 

22*71 

9*914 

40*5 

56-55 

36-12 

25-91 

11*311 

35*t>. 

49-71 

3175 

22*77 

9*942 

40*6 

36-69 

36*21 

25-97 

11*339 

35*7 

49-85 

3‘-84 

22*84 

9-970 

40-7 

56-83 

36-30 

26-03 

11-367 

35-» 

49*99 

31*93 

22*90 

9-998 

40*8 

56-97 

36-39 

26*10 

11-395 

35-9 

50-13 

32*02 

22*96 

10*026 

40*9 

57-11 

36-48 

26-16 

11*423 

^6*0 

50*27”' 

32*11 

23-03 

10-054 

41*0 

57-25 

36-57 

26-*3 

11-4JI 

36*1 

50*41 

32*20 

23*09 

10*082 

41*1 

57-39 

36*66 

26-29 

11-478 

36-2 

50*55 

32*29 

21*16 

10*1 10 

41*2 

57-53 

36-75 

26-35 

11-506 

3t»*3 

50-()9 

32-38 

23*22 

10-138 

41-3 

57-67 

36-84 

26-42 

11-534 

36’4 

■50-83 

32-47 

23-28 

io*i66 

41*4 

57-81 

36-93 

26-48 

11-562 

36-5 

50*97 

32-55 

23-35 

10*194 

41-5 

57-95 

37-01 

26-35 

n-590 

36-0 

51*11 

32-64 

23-41 

10*222 

41-6 

58-09 

37-10 

26*01 

11-618 

397 

51*25 

32*73 

23-48 

10*250 

41-7 

58-23 

37-19 

26*07 

11-646 

36-8 

51*39 

32-82 

23-54 

10-278 

41-8 

58-37 

37-28 

26-74 

11-674 

36-9 

5I-53 

32-91 

23-60 

10-306 

41-9 

58-51 

37-37 

26*80 

11*702 

37'0 

51-67 

33-00 

23-67 

10-333 

42*0 

58-65 

37-46 

26-87 

11-730 

37*1 

51-81 

33-09 

2373 

10-361 

42-1 

58-79 

37-55 

^-93 

11-758 

37‘2 

51-95 

33-18 

23-80 

10-389 

42*2 

58-93 

37-64 

26-99 

11-786 

37*3 

52-0^ 

33-27 

23-86 

10-417 

42-3 

59-07 

37-73 

27*06 

11-814 

37‘4 

52-23 

33-36 

23-92 

10-445 

42-4 

59-21 

37-82 

27*12 

n-8^2 

37'5 

52-37 

33-45 

23-99 

10-473 

42-5 

59-35 

37-91 

27-19 

11*809 

37'6 

52*51 

33-54 

24-05 

10*501 

42*6 

59-49 

38-00 

27-25 

11-897 

37*7 

52-64 

33-62 

24*12 

10*529 

42-7 

59-63 

38-08 

27-31 

11-925 

37-8 

52-78 

3371 

24-18 

10-557 

42-8 

59-77 

38-17 

27-38 

11-953 

37'9 

52-92 

33-80 

24*24 

10-585 

42-9 

59-91 

38-26 

27-44 

11-981 

38-0 

53-06 

33-89 

24-31 

10-613 

43’0 

60-05 

38-35 

27-51 

12*009 

38-1 

53*20 

33-98 

24*37 

10-641 

43-1 

6o*i8 

38-44 

27-57 

12-037 

2 A *2 

55*34 

34*07 

24-43 

10*6^ 

43-2 

60-32 

38-53 

27-63 

12-065 

38-3 

53-48 

34-16 

24-50 

10-696 

43-3 

60*46 

38-62 

27*70 

12*093 

38-4 

53-62 

34*25 

24-56 

10*724 

43-4 

6o*6o 

38-71 

27-76 

12*121 

38-5 

53-76 

’34*34 

24-63 

10-752 

43-5 

60-74 

38-80 

27-83 

I*-I49 

38-6 

53*90 

34-43 

24-69 

10-780 

43-6 

60-88 

38-89 

27-89 

12*177 

387 

54*04 

34*52 

24*75 

10*808 

43-7 

6t»02 

I 38-98 

27-95 

12*205 

38-8 

54-18- 

34*61 

24*82'10*836 

43-8 

6i-i6 

! 39-07 

28-02 

12*232 

38-9 

54-32 

fi-70 

24-88 

j 10-864 

43-9 

61-30 

1 39 -i 6 

28-08 

12-260 


m 
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Phosphate Tattle—totiHnurd 


Mg-iP'M,. 

CanP^OR. 

CaPsOfi. 

P^Oi). 

Pa- 

’ 

Mgal’aO?. CanPoOs. 

CaP-jOfi I 

VzOr,. 

Pt 

44-0 

61 '44 

39-24 

28-14 

12-388 

49*0 

68-42 

43*70 

31*34 

13-685 

44-1 

6 i-5 S 

39-33 

28-21 

12*316 

49 'I 

68*56 

43*79 

31*41 

13-713 

44-2 

61*72 

39-42 

28-27 

12*344 

49*2 

68*70 

43*88 

31*47 

13-741 

' 44-3 

61 *86 

39-51 

28-34 

12*372 

49'5 

68*84 

43*97 

31*53 

,13-769 

44,'4 

62*00 

39-60 

28-40 

12*400 

49*4 

68*98 

44*06 

31*60 

13-796 

44’5 

62*14 

39-69 

2 8-46 

12*428 

49 *; 

69*12 

44*15 

31*66 

1.3-824 

44-0 

62*28 

39-78 

28-53 

12*456 

49*6 

69*26 

44*24 

31*73 

13-852 

44’7 

62*42 

39-87 

28-59 

12*484 

497 

69*40 

44*33 

31*79 

13*880 

44-8 

62*56 

39-96 

28-60 

12*512 

49*8 

69*54 

44*22 

31*^5 

I 3*908 

44'9 

62*70 

40-05 

£8-72 

12*540 

49*9 

6 q*68 

44*51 , 

31*92 

£3-936 

45-0 

62*84 

40-14 

28-78 

12*568 

50-0 

09*82 

44*60 ' 

31-98 

13-964 

45 'i 

62*98 

40-23 

28-85 

12*596 

50-1 

69 * 9 (j 

44 ' 6 S 

32-05 

13-992 

45-2 

63*12 

40-31 

28-91 

12*624 

50-2 

70*10 

44*77 

32-11 

14-020 

45-3 

63*26 

40-40 

28-98 

12*651 

50-3 

J 0*24 

44 '.S() 

32-17 

14-048 

45'4 

63*40 

40-49 

29-04 

12*679 

50-4 

70-38 

44*95 

32-24 

14-076 

45-5 

03*54 

40-58 

29-10 

12*707 

50-5 

70-52 

45*04 

52-30 

14-104 

45 "6 

63*68 

40-67 

29-17 

12*735 

50-6 

70*66 

45*13 

32-37 

14-132 

457 

03*82 

40-76 

29-23 

12-763 

50-7 

7 ()*8 o 

45*23 

32-43 

14-1612 

45:8 

03*96 

40-85 

29-30 

12-791 

50-8 

70*94 

45*31 

32-49 

14-187 

4 5'9 

64*10 

40-94 

29-36 

12-819 

50-9 

71 *08 

45*40 

32-56 

14-215 

^6-0 

ff 4-23 

41-03 

29-42 

12-847 

51-0 

71*22 

45*49 

,52-(>2 

14-243 

46*1 

94'37 

41-12 

29-49 

12-875 

51-1 

71-36 

45*.58 

32-69 

14-271 

46*2 

64-51 

41-21 

29-55 

12-903 

51-2 

71-50 

45*67 

32-75 

14-299 

4 fi ’3 

64715 

41-30 

29-62 

12 - 93 ' 

51-3 

71-64 

45*76 

32-81 

14-327 

4 fi -4 

6479 

41-38 

29-68 

12-959 

51-4 

71-78 

45*84 

32-88 

14-355 

467 

''M -93 

41-47 

29-74 

12-987 

51-5 

71-yi 

45*93 

32-94 

14-383 

46-6 

65-<)7 

41-56 

29-81 

13-015 

51-6 

72-05 

46'02 

33-0' 

14-411 

467 

05-21 

41-65 

29-87 

13-042 

51-7 

72-19 

46*11 

33-"7 

14-439 

46-8 

65-35 

41-74 

29-94 

13-070 

51-8 

72-33 

46-20 

33-13 

14-467 

46-9 

65-49 

41-8^ 

30-00 

13-098 

51-9 

72-47 

46-29 

33-20 

14-495 

47-0 

65-63 

41-92 

30-06 

13-126 

52*0 

72*61 

46-38 

33-26 

14-523 

47-1 

65-77 

42-01 

30-13 

13-154 

52*1 

7275 

46-47 

33-33 

14-551 

47-2 

65-91 

42-10 

30-19 

13-182 

52*2 

72-89 

46-56 

33-39 

14-579 

47-3 

66*05 

42-19 

30-2O 

13-210 

5-:*3 

73-03 

46-65 

‘33-44 

14-606 

^ 7-4 

66*19 

42-28 

30-32 

13-238 

52*4 

73-17 

46-74 

33-52 

14-634 

47-5 

66-33 

42-37 

30-38 

13-266 

52*5 

73-31 

46-83 

33-58 

14-662 

47-6 

66-47 

42-45 

30-45 

13-294 

52*6 

73-45 

46-91 

33-65 

14-690 

477 

66-61 

42-54 

30-51 

13-322 

52*7 

73-59 

47-00 

33-71 

14-718 

47-8 

66-75 

42-63 

30-58 

13-350 

52-8 

73-73 

47-09 

33-77 

14-746 

47‘9 

66-89 

42-72 

JO-64 

13-378 

52-9 

73-87 

47-18 

33-84 

14-774 

48-0 

"67-03 

42-81 

30-70 

1 3 -40s 

53-0 

74-01 

47-27 

33-90 

14-802 

48-1 

67-17 

42-90 

30-77 

13-433 

53-1 

74-15 

47-36 

33-97 

14-830 

48-2 

67-31 

42-99 

30-83 

13-461 

53-2 

74-29 

47-45 

34-03 

14-^8 

48-3 

67-45 

43-08 

30-90 

13-489 

53-3 

74-43 

47-54 

34-09 

14-886 

4**1 

67-59 

43-17 

30-96 

13-517 

53-4 

74-57 

47-C3 

34-16 

14-914 

48* 

67-73 

43-26 

31-02 

13-545 

53-5 

74-71 

47-72 

34-22 

14,-941 

48-6 

67-87 

43-35 

5 t -09 

13-573 

53-6 

74-85 

47-81 

34-29 

14-969 

487 

68*00 

43-44 

31-15 

13-601 

53-7 

74-99 

47-90 

34-35 

14-997 

48-8 

68*14 

43-53 

31-22 

13-629 

53-8 

75-13 

47-99 

34-41 

15-025 

48^9 

68*28. 

43 - 6 i 

31-28 

13-657 

53-9 

75-27 

48*07 ; 34-48 

fs-osa 
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Phosphate Table- 


•MH2P2O7. CmPsOh. C.iP 20 k, P^Oft. 


48-76 ■ 
48-25 
4»-34 
4 S '43 
48-52 
48-61 I 
48-71) I 
48-75) , 

48- 88 
£«; 97 _ I 

' 49-06 j 

49- 14 , 

: 49--!3 1 

49-3-! 

I 49-41 

49-50 

49- 59 

49'68 

4977 

49*80 

I 49'95 

I ‘;()*o 4 

1 

j 50*21 
$0-30 

5 f >'39 

50- 48 

50-57 

150-66 

1 5 0-75 

50-84 

50- 93 

51- 02 
51-11 
51-20 
51-28 
51-37 
51-46 

; 51-55 

; 51-64 


54-0 1 

75-41 . 

54-1 

75-55 1 

54 -^ 

75-69 ■ 

54-3 

75-83 

54 ’ 4 * 

75-97 

54-4 

76-10 

54-6 

76-24 1 

547 

76-38 ' 

54-8 

76-52 

54-9 

76-66 

55'-,) 

7()*8o ' 

55-1 

79*94 ' 

55-11 

77-08 : 

5 5'3 

77-^11 

55-4 

77-36 1 

55-5 

77-56 

55-6 

77-64 

55-7 

77-78 

55-8 

77-92 

’ 5 ' 5 - 9 __ 

78-06 

56*0 

'78-20; 

56*1 

78-34 j 


MgaP.jOj. CaaPaOa. CaPoOu.! PaOr,. , Po. 


37-10 ! 16-198 
37-16 ! 16-226 
37-23 I 16-254 


37-42 i(»338 
37-48 16-366 

37-55 16-394 

37-61 l()-422 
37-1)8 : 16-450 
37-74 16-47S 
37-80 16-505 
37-87 16-533 

37- 93 16-561 

38- 00 j 46-589 
38406 j 16-617 


! 35-82 , 15-640 
I 35-88 15-668 
‘375-95 15-69O 

136-01 15-724 
36-08 15-751 
36-14 15-779 
36-20:15-807 
36-27115-835 
36-33 15-863 
36-401 15-891 
367-46115-919 
36-52115-947 
36-59! 15-975 
36*65 i 16*003 
36*72 116*031 
36*78 16*059 
36*84116*087 

36- 91116-1151 
36*97 116*142 

37- 04! 16-170 


58-0 1 

8 o *99 

5173 

58-1 ! 

81*13 ' 

51*82 1 

58-2 

81*27 1 

51*9^ 

58-3 ; 

81*41 : 

52*00 

58-4 i 

^*'55 

52*09 1 

58-s 1 

81*69 

52*18 ; 

58-6 I 

81-83 

52*27 

58-7 

81*97 

5-'35 1 

58-s ! 

82*11 

52*44 i 

58-9 

82*25 

5 - 2'53 j 

59-0 

82-39 

52-62 1 
■52-71 

59-1 

82-53 

59-2 

S2-07 

52-Ho 1 

59-3 

82-81 

52-89 ! 

59-4 

82-95 

5^-98; 

59-5 

83-09 

53-07 

59-6 

83--13 

53-16 

59-7 

83-37 

53--15 

59-8 

83-51 

53-34, 

59-9 

83-65 

53-43 

(K)*() 

8I-78 

53-51 

6o*i 

83-92 

53-610 

C>()*2 

84*00 

53-69 

60*3 

84*20 

53-78 

(X )*4 

84-34 

53-87 

6o*5 

84-48 

53-96 

r>C)*6 

84-62 

54-05 

60*7 

84-76 

54-14 

6o*8 

84-90 

54-23 

60'0 

85-04 

54-32 

61*0 

85-18 

54-41 

62*0 

86-58 

55-30 

63-0 

87-97 

56-19 

64-0 

89-37 

57-08 

65-0 

90-77 

57-97 

66-0 

92-16 

58-87 

67-0 

' 93-56 

1 59-76 

68-0 

: 94-96 

! 60-65 

69-0 

96-35 

6 ) 1-54 

70-0 

97-75 

62-43 

71-0 

99-14 

63-33 


100*00 

63-87 


38 i 38 i 16-457 
38-44! 161-785 
38-51 1 16-S13 
38-57 I 16-841 
38-63 16-8619 


• 

MggPA 

0-010 

1 0-020 

0*030 

0*040 

gOg 

0*010. 1 0*030 

0*040 

o*o6o 

CaPgOij ' 

0*010 

: 0*020 

0*030 

0*040 

^2*^# 1 

0*010 

i 0*010 

0*020 

0*030 i 

P2 j 

0*003^ 0*006 

. 0-008 

o-oii ! 


[ I * 7 .1 ^ - 

I 45*41 i I9'829 


0*030 1 0*040 0*040 I 0*050 0*050 o*o6o 







Beduction of C.e. Hitrogren to Grammes. 

Log. -—for each rV° C. from o° to 30° 

® (1 + 0-00367 0 760 . 
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Elasticity of Aqueous Vapour 

For each ,V° C. from o° to 30° (Regnaolt). 



Tension in 
Mm. 
Mercury. 

. 

So 

n 

h 

Tension in 
Mm. 
Mercury. 

Tempera¬ 
ture C. 

Tension in 
Mm. 
Mercury. 

Tempera¬ 
ture C. 

*1 ension in 
Mm. 
Mercury. 

Tempera¬ 
ture C. 

•s 

J s 5 

H 

o-o" 

4-6 

4 -o'> 

6'I 

8*0® 

8*0 

12*0" 

10-5 

le-o” 

13-5 

o-i” 

4*6 

4 * 1 ® 

6-1 

H-l'’ 

8*1 

12-1® 

lO'S 

I6*i° 

13-6 

0-2° 

47 

4 * 2 ® 

6*2 

8-2° 

8*1 

12*2® 

10*6 

i6*2® 

137 

0 * 3 ® 

4-8 

4 - 3 " 

6*2 

8 - 3 ° 

8-2 

T 2 - 3 " 

10*7 

i()- 3 “ 

13-8 

0 * 4 “ 

47 

4 - 4 “ 

<>•3 

8 - 4 ° 

8*2 

12 * 4 ® 

107 

16*4® 

13-9 

0 * 5 ® 

4-8 

4 - 5 ° 

^*3 

8 - 5 ° 

8-3 

I 2 - 5 '’ 

to*8 

lO'S" 

14*0 

0*6® 

4-8 

4 * 6 ® 

6*4 

8-(>° 

8-3 

12*6® 

10*9 

16*6® 

»i-i 

07° 

4-8 

47° 

6*4 

87'’ 

8-4 

127“ 

10*9 

167? 

14*2 

0*8® 

4*9 

4 - 8 " 

6*4 

8-8° 

8-5 

12*8“ 

11 *0 

i6*8® 

14-2 

o-y“ 

4*9 

4 * 9 ® 

6-5 

sv 

8-5 

12*9® 

11*1 

l6-y° 

14-3 

1*0® 

4*9 

5 - 0 ^ 

fv 5 

9 - 0 '' 

8-6 

IS'O* 

11*2 

l7-o'> 

14*4 

l-l" 

5*0 

5 * 1 ® 

6*6 

9 - 1 “ 

8*6 

13-1“ 

11*2 

17-1;; 

14 *.S 

1*2® 

5*0 

5 - 2 ° 

6*6 

9 - 2 “ 

87 

13-2° 

11*3 

I7*2* 

I4*6* 

1 - 3 ° 

5 ’o 

s-s" 

67 

9-3 

87 

13-3° 

11*4 

17-3° 

147 

1 - 4 “ 

S'l 

5 ‘ 4 ° 

67 

yn" 

8*8 


II -5 

17-4° 

14*8 

I-S° 

5 ‘i 

5 - 5 ° 

6-8 

9 * .‘ 5 ° 

8*9 

13-5° 

n*.': 

17 - 5 ° 

14*9 

1*6® 

5-2 

5 ‘<>° 

6*8 

9-6° 

8-9 

13 - 6 ° 

11*6 

17-6“ 

15-0 

17 “ 

5-2 

57 ° 

6-9 

97° 

9-0 

137° 

117 

177- 

15-1 

i-r 

5-2 

5 -«° 

f>-9 

9 - 8 “ 

9-0 

i3-«‘' 

11*8 


15-2 

1 * 9 ® 

5-3 

5-9 

7-0 

9-9 

9-1 

13-9° 

11*8 

17-9 

15-3 

2*0® 

5‘3 

6-o° 

7-0 

lO'O® 

9-2 

14*0® 

11-9 

18*0® 

15-4 

3*r® 

5'3 

6-1° 

7*0 

10*1® 

9-2 

14 - 1 ° 

12*0 

i8*i® 

I 5 - 5 ' 

2-2° 

5’4 

6*2® 

7-1 

I0'2° 

9*3 

14-2“ 

12*1 

l8*2® 

15-6 


5'4 

6 - 3 ° 

7-1 

10-3° 

9-3 

14-3° 

12*1 

18-3° 

157 

2-4° 

5'5 

6 - 4 ° 

7-2 

10*4® 

9*4 

14-4° 

12*2 

18-4° 

157 

2-S« 

S’S 

6 - 5 ° 

7-2 

10*5® 

9-5 

14-5° 

12*3 

18-5° 

15-8 

2-6' 

S'S 

6-6° 

7'3 

10*0® 

9’5 

14 - 6 ° 

12-4 

18-6° 

I5‘9» 

27° 

5-6 

67° 

7'3 

10*7° 

9-6 

BBM 


187° 

10*0 

2*8® 

5-6 

6-8° 

7*4 

10-8° 

97 

14-8 

12*5 

I8'8‘’ 

16*I 

2 - 9 “ 

5-6 

6*9? 

7-4 

10*9® 

97 

14-9° 

12*6 

18-9° 

l6'2 

3-0° 

57 

7-0'’ 

7-5 

11-0° 

9-8 

15-0° 

127 

19*0° 

i6'3 

3*1° 

57 

7-1° 

7-5 

11 - 1 ° 

9‘9 

15-1° 

12-8 

19-1“ 

16-4 

3-2° 

5-* 

7 - 2 ° 

7-6 

11-2“ 

9-9 

15-2° 

12*9 

19-2 

10*6 

3-3° 

5-8 

7 - 3 ° 

7-6 

11 - 3 ° 

10*0 

15 - 3 ° 

12*9 

19-3° 

167 

3-4'’ 

5-8 

7 - 4 ° 

77 

11 - 4 ° 

10*1 

15 - 4 ° 

13-0 

I 9’4 

l6-8 

3 - 5 ° 

5'9 

7.50 

7-8 

11-5° 

10*1 

15-5° 

13-1 

‘ 9 - 5 ! 

16-9 

3 - 6 » 

5-9. 

7 - 6 “ 

7-8 

11*0® 

10*2 

1^ 

13-2 

19*0 

ifo 


6*0 

rf 

7‘9 

117” 

10*3 

137* 

13-3 

197° 

17-1 

S'** 

6*0 

7 - 8 ° 

7-9 

11-8' 

10-3 

13-8° 

13-4 

19*8® 

17-2 

4-9* 

6*1 

;* 9 “ 

1' 

8*0 

11 •9° 

10*4 

15 - 9 ° 

13-5 

19-9° 

17-3 


.sr 
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Elasticity of Aqueous V&poar— continued. 








Tempera, 
ture C. 

= . 

Tempera¬ 
ture C. 

c 

. 


1 = - 

Tempera 
ture C. 

Ij 3 

H 

Tempera 
ture C. 

Tension i 
Mm. 
Mercury 

Tension i 
Mm. 
Mercury 

Tension i 
Mm. 
Mercurj 

i'i 

B h 

V 2 

r" 

' § E 9 

c;** »< 

.V 2 

r* 

20-0° 

1 

7-4 

22-0® 

' 9-7 

24*0' 

22*2 

26*0® 

2 VO 

28-0 

^■1 


I 

7-5 

22* 

1® 

19*8 

24*1® 

22*3 

26* 1 ® 

-^ 5 * 


28-1 

2 i -3 

20 - 2 ’’ 

17-6 

22- 

’ •' 

' 19*9 

24-2° 

22*; 

2(>*2'^ 

25- 


28*2 

2 ^ 

20*3^’ 

'7-7 

22-3 

20*0 

24-3“ 

22'f) 

26-3° 


28 - 3 ' 

1 28*'1 

20*4'' 

17-8 

22* 

4° 

20*1 

24 - 4 " 

22-7 

2 (>- 4 ° 

2V0 

2S-4 

28*8 


17*9 

22* 

5" 

20-3 

24-5° 

22*9 

26 * 5 ® 

-s* 


2S*[;‘' 

, 28-9 

20-6° 


8-0 

22-6" 

20*4 

24*6" 

23-0 

26-6° 

25- 

) 

28*f/ 

' 29*1 

207^' 

i8*2 

22* 

7 ^ 

20*5 

247° 

23*1 

26 - 7 ° 

2(.'U 

28 - 7 ' 

29-3 

20-8‘’ 

18-3 

22* 

8" 

20*() 

34-s" 

- 3*3 

26*8® 

26* 


28-8" 

- 29*4 

20-Q'^ 

l8**l 

22*9'^’ 

20 -X 

24-9® 

-’ 3-4 

26 ^ 9 ° 

2 f >-4 

28-9" 

29-6 

’I-o" 

18-5 

23-0 

2()‘Q 

2i;'()'’ 

23-5 

27-0° 

26* 


20*0® 

1 29-8 

2 I*J “ 

18-6 

- 3 ' 


2 -O 

25 -I° 

23'7 

37-1° 

26-7 

29-1° 

t 30*0 

21 •2"' 

18-7 

23 ' 


21*1 

25*2® 

23-8 

27-2° 

2f.* 


29*2® 

! 30-1 

21-3» 

i8*8 

23'3 

21*3 

25-3° 

24*0 

27 * 3 “ 

27-0 

29 * 3 “ 

! 30-3 

-''C 

19-0 

23 - 4 ‘-’ 

21*4 

25-4“ 

24*1 

27-4" 

27- 


29 * 4 ® 

; 30-5 


1 Q*I 

23 ' 5 ‘' 

21*5 


24'3 

27-5° 

27-3 

29*5® 

30-7 

2J-h“ 

19-2 

23-6° 

21-7 

35-6“ 

24*4 

37-6° 

27-5 

29*6® 

1 30-8 

217° 

19-3 

23-7° 

21*8 

25-7" 

24*6 

27-7“ 

27-6 

297'' 

1 31-0 

21-8'^ 

19*4 

23-8" 

1 21-9 

25-8° 

24*7 

37-8" 

27-8 

29*8° 

, 31-2 

21'9® 

19-5 

23-9" 

22-1 

2 i;* 9 ® 

24*8 

27-9° 

27-9 

29-9° 

1 3'-4 



t 



Alcohol Table. 





Specific 

I’er Cent. 

Per Cent, of 

Per Cent. 

Sjjecific Per Cent. 

PerCent.of 

I’er Cent* 

Giavity at 

of Alcohol 
by Weight. 

Alcohol by' 

under 

Gravity at , of Alcohol 
60® F. by Weight. 

Alcohol by 

under 

6o° F. 


Volume. 

PrcK)f. 

Volume. 

Proof. 

*0000 

0*00 


0*00 i 

100*00 

0-9925 4-31 


5-39 

t 

90*55 

0-9995 

0*26 


0-33 ; 

99*42 

0*9920 4*62 


5-78 

89-87 

0*9990 

0-53 


0*66 1 

98*84 

0-9915 4-94 


6-17 

89-20 

0-9985 

0-79 


0-99 I 

98*26 

0 *Q 0 I 0 ;* 2 ; 


0-55 

88-50 

0-9980 

I *06 


1-34 

97*66 

0-9905 5-56 


6-94 

87-84 

0-9975 

I 

37 


1-73 ! 

96-97 

0-9900 5-87 


7-32 

87-16 

0-9970 

1*69 


2*12 1 

96*29 

0*9895 ' 6*21 


7-74 

86-43 

0-9965 

2*00 


2-51 1 

95-fo 

0-9890 6-57 


8-18 

85-65 

0*9960 

2-28 


2-86 1 

95-00 

0-9885 6-93 


8-63 

84-88» 

0-9955 

2 

•56 


3*21 . 

94*40 

0-9880 7-27 


9-04 

84-15 

0-9550 

2*83 


3-55 

93-78 

0-9875 7-60 


9-45 

83-43 

0-9945 

3*12 


3-90 

93-10 

0-9870 7-93 


9-86 

82-7'j 

0*9940 

3-41 


4 -f/ 

92*50 

0-9865 8-29 


10*30 

81-96 

0-9935 

3 - 7 ' 


4-63 

91-87 

0-9860 8-64 


10-73 

81-20 

0-9930 

• 

4*00 


5*00 . 

91-23 

0-9855 1 9'oo 


11*17 

80242 









TABLES OF FACTORS, ETC. 
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Alcohol T&ble— continued . 


Specific 

Per Cent. 

Per Cent, of 

Per Cent. 

Gravity at 

of Alcohol 

Alcohol by 

under 

60® F, 

by Weight. 

Volume. 

Proof. 

0*9850 

9-36! 

II*6l 

79-65 

o-i|B45 

9-71 ! 

12*05 

78-90 

0*^840 

10-08 

12*49 

78-10 

0-9835 

10-46 i 

12*96 

77-30 

0*9830 

10-85 ; 

13*43 

76-46 

0-9825 

11-23 ' 

13*90 

75-64 

0*9826 

11*62 1 

J 4*37 

74-82 

0*9815 

12*00 i 

14*84 

74-00 

0*9810 

12-38 

15*30 

73-18 

0*980 q 

12-77 

15*77 

72-36 

0-9800 

13-15 

16*24 

71-54 

0*9795 

13-54 

i6*;fi 

70-73 

0*9790 

13-92 

17*17 

69-90 

0-97 Sq 

14-36 

17*70 

68-97 

0*9780 

T4*82 

18*25 

68-00 

0-9775 

^5*25 

: 18*78 

67-10 

o- 977 ‘> 

iq*67 

‘ 19-28 

66-20 

0 - 97 ^\S 

i6-o8 

19*78 

65-34 

0 * 97()0 

16*46 

20*24 

64-53 

0-9755 

16*85 

20*71 

63-72 

0-97 5 ^> 1 

17*25 

21*19 

62-87 

0-9745 1 

17*67 

2 I *69 

62-00 

0-9740 

i8*o8 

22*18 

61-13 

0-9735 * 

18-46 

22*64 

( 0-32 

0-9730 

18-85 

23*10 

59-52 

0-9725 

19-25 

23-58 

58-67 

0*9720 

19-67 

24-08 

57-80 

0*9715 

20-08 

24-58 

56-93 

0*9710 

20-50 

25-07 

56-06 

0-9705 

20-92 

25-57 

55-20 

0*9700 

21-31 

26-04 

54-37 

0-9695 

. 41-69 

26-49 

53-57 

0*96^0 

22-08 

26-95 

52-77 

0-9685 

22-46 

27-40 

51-98 

0*9680 

22-85 

27-86 

51-18 

0*9675 

23-43 

28-31 

'50-38 

0*9670 

23-62 

28-77 

49 -fio 

0*9665 

24-00 

29-22 

48-80 

0*9660 

24 - 3 » 

29-67 

48-00 

0-9655 

24-77 

30-13 

47-20 

0-9650 

25-14 

30-57 

46-44 

. 0-9645 

25-50 

30-98 

45-70 

0-9640 

25-86 

31-40 

44-97 

0-9635 

26-20 

31-80 

44-27 

9-9630 

26-^3 

32-19 

43-60 

0-^25 

26*87 

32-58 

42-90 

0-9620 

27*21 

32-98 

42*20 

ojp6i5 

27*57 

• 

33-39 

41*47 


Specific 

Per Cent. 

Per Cent, of! I^er ('etu. 

Gravity at 

of Alcohol 'Alcohol by 

under 

6o^’ F. 

jy Weight 

Volume. 

Proof. 

0*9610 1 

27*93 

33-81 

40-74 

0-9605 i 

28*25 

34-18 

40-10 

O*06OO i 

28*56 

34-54 

3^-47 

0 * 959 .“; 

28*87 

' 34-90 

38-84 

0*9590 

29*20 

■ 35-28 

38-18 

0*95^55 

29*53 

35-66 

37-50 

0*0580 

20-87 

. 36-04 

36-83 

0*9575 

30-17 

36-39 

36-23 

0*9570 

30-44 

36-70 

35-68 

0*9565 

30-72 

' 37-02 

35-13 

0-0560 

31-00 

37-34 

34-57 

0-9555 

31-31 

■ 37-69 

33-95 

0-9550 

31-62 

38-04 

33-32 

O' 0 S 45 

31-94 

; 38 - 4 # 

32-70 

0-0540 

32-25 

‘ 3«-75 

32-08 

0-9535 

32-56 

i 39-11 

31-46 

0*9530 

32-87 

.»')-47 

3 S >-84 

0*9525 

33-18 

39-81 

30-24 

0 * 952 () 

33-47 

40-14 

29-fc6 

0-9515 

33-76 

40-47 

2(ro8 

()'95io 

34-05 

■ 40-79 

28*52 

0-9505 

34-29 

41-05 

28*06 

0*9500 

34-52 

41-32 

27*60 

o' 94<)5 

34-76 

. 41-5" 

2/* 13 

0*9490 

35-00 

, 41 84 

26*67 

0*9485 

35-25 

' 42-11 

26*20 

0*9480 

35-50 

42-42 

, 25*70 

0*9475 

35-75 

i 42-67 

. 25*22 

0*9470 

36-00 

■ 42-95 

' 2474 

<>' 94 ^j 5 

36-28 

43-26 

24*20 

0*9460 

'36-56 

43-56 

23*66 

0*9455 

36-83 

1 43-87 

23*12 

0*9450 

37-11 

44-18 

22*58 

0*9445 

37-39 

1 44-49 

22*«»4 

0*9440 

37-67 

[ 44-79 

21*50 

0*9435 

37-94 

1 45-10 

20*96 

0*9430 

38-22 

: 45-41 

20*43 

0*9425 

38-50 

' 45-71 

! 19-89 

0*9420 

38-78 

46-02 

: 19-36 

0*9415 

39-05 

46-32 

i 18-83 

0*9410 

39-30 

46-59 

1 18-36 

0*9405 

39-55 

46-86 

1 17-88 

0*9400 

, 39-80 

47-13 

; 17-40 

0*9395 

1 40-05 

! 47-40 

i 16-93 

0*9390 

40-30 

47-67 

’ V6-46 

0*9385 

'•40-55 

47-94 

: 15-98 

0*9380 

40-80 

■ 48-21 

15-50 

0*9375 

41-05 

48-48 

i 1504 
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PRACTICAL AGRICULTURAL CHEMISTRY 
Alcohol Thble—continued. 


Specific 
Gravity at 
6 o®F. 


Per Cent j Per Cent, of 
of Alcohol) Alcohol by 
by Weight.. Volume. 


Per Cent, 
under 
Proof. 


Specific 
Gravity at 
6 o®F. 


Per Cent. 'PerCent.of 
i of Alcohol I Alcohol by 
! by Weight. Volume. 


Per Cent, 
over 
Proof. 


0-9370 

41-30 

48-75 

14-57 

0-9365 

41-55 

49-02 

14-10 

0-9 J60 

41-80 

49-29 

13-63 

0-9355 

42-05 

49-55 

13-16 

0-9350 

42-29 

49-81 

12-70 

0-9345 

42-52 

50-06 

12-27 

0-9340 

42-76 

50-31 

11-82 

0-9335 

43-00 

50-57 

11-38 

0-9330 

43-24 

W-82 

10-94 

0-9325 

43-48 

51-07 

10-50 

0-9320 

43-71 

51-32 

10-05 

0-9315 

43-95 

51-58 

9-60 

0-9310 1 

44-18 

51-82 

9-20 

0-9305 1 

*44-41 1 

52-06 

8-77 

0-9300 1 

44-64 

52-29 

8-36 

0-9295 i 

44-86 i 

52-53 

7-94 

0-9^ 1 

45-*9 i 

52-77 

7-52 

0-9285 1 

45-32 1 

53-01 

7-10 

0-#280 j 

•45-52 ! 

53-24 

6-70 

0-9275 ! 

45-77 1 

53-48 

6-27 

0-9270 1 

46-00 ; 

53-72 

5-86 

0-9265 I 

46-23 ! 

53-95 

5-45 

0-9260 ' 

46-46 ' 

54-19 

5-03 

0-9255 , 

46-68 

54-43 

4-62 

0-9250 , 

46-91 ' 

54-66 

4-20 

0-9245 

•47-14 

54-90 

3-80 

0-9240 

47-36 

55-13 

3-38 

0-9235 

47-59 

55-37 

2-97 


47-82 

55-60 

2-56 

0*9225 

48-05 

55-83 

2-15 


48-27 

56-07 

1-74 

0-9215 

48-50 

56-30 

1-33 

0-9210 

48-73 

56-54 

0-92 

0-9205 

48-96 

56-77 

0-50 

0-9200 

49-16 

56-98 

0-14 

0-9198 

49-24 

57-06 

Proof 

0-9195 

49-39 

1 57-20 

0-25 

0-9190 

49-64 

57-45 

0-68 

0-9185 

49-86 


1-10 

0-9180 

50-09 

57-92 

1-51 

0-9175 

jO-30 

58-14 

1-89 

0-9170 

50-52 

58-36 

2-28 

0-9165 

50-74 

58-58 

2-66 

0-9160 

50-96 

58-80 

3-05 

0 - 9 lft 

51-17 

59-01 

3-41 

0-9150 

51-38 

59-2? 

3-78 

0-9145 

51-58 

59-43 

4-14 

0*9X40 

5 1-79 

59-63 

4-50 


0-9135 

0*9130 

0*9125 

0*9120 

0*9115 

0*9x10 

0*9105 

0*9100 

0*9095 

0*9090 

0*9085 

0*9080 

0*9075 

0*9070 

0*9065 

0*9060 

0*9055 

0*9050 

0*9045 

0*9040 

0*9035 

0*9030 

0*9025 

0*9020 

0*9015 

0*9010 

0*9005 

0*9000 

0-8995 

0-8990 

0-8985 

0-8980 

0-8975 

0-8970 

0-8965 

0-8960 

0-8955 

0-8950 

0-8945 

0-8940 

0-8935 

0-8930 

0-8925 

0-8920 

0-8915 

0-8910 

0-8905 

0-8900 


52-00 

52-23 

52-45 

52-68 


I 


52- 91 

53- 13 
53-35 
53-57 

53- 78 

54- 00 

54-24 

34-48 

54-71 

54- 95 

5 5- i 8 

55-41 

55-64 

55- 86 

56- 09 
56-32 

56-55 

56- 77 

57- 00 
57-22 
57-42 

57-63 

57- 83 

58- 05 
58-27 
58-50 

58-73 

58- 95 

59- 17 

59-39 


59-61 

59- 83 

60- 04 
60-26 
60-46 
60-67 

60- 88 

61- 08 
61-29 
61-50 
61-71 

61- 92 

62- 14 
62*36 


j 59-84 
. 60-07 
60-30 ■ 
60-52 
60-74 

60- 97 

61- 19 ! 
61-40 ’ 
61-62 

61- 84 
' 62-07 

I 62-31 : 

■ 62-55 I 

62- 79 

63- 02 
63-24 
63-46 
63-69 

63- 91 

64- 14 
64-36 
64-58 

64- 80 

65- 01 
65-21 
65-41 I 

I 65-61 

65- 81 

66- 03 
66-25 
66-47 
66-69, 

66- 90 

67- 11 
67-32 
67-53 
67-73 

67- 93 

68- 13 

68-33 

68-52 

68-72 

68- 91 

69- 11 
69-30 
69-50 
69-71 
69-92 
• 


4- 87 
5«'7 

5- 57 

6- 67 

6- 47 

6-86 

7- 23 

7-61 

7 - 99 

8- 36 

8- 78 

9- 20 
9-62 

10-03 

10-44 

10 - 84 

11- 24 

11- 64 

12- 03 
12-41 

12- 80 

13- 18 

13-57 

13- 92 

14- 27 

14-62 

14- 97 

15- 33 

15- 72 

16- 11 
16-49 

16- 88 
ir-25 

17- 61 

17- 98 

18- 34 

18- 70 

19- 05 

19-39 

19- 74 

20- 08 
20-42 

20 - 77 

21- 11 

21-45' 

21- 79 

22- 16 
22-y 
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TABLES OF FACTORS, ETC. 
Alcohol Tsible-cotttinued. 


Specific Per Cent. ^PerCent.of 
Gravity at ■ of Alcohol t Alcohol by 
6o® F. ! by Weight.! Volume. 

Per Cent, 
over 
Proof. 

1 

0-8895 i 

62-59 

70-14 

22*91 

o-Mgo 1 

63-82 1 

70-35 

23*29 

0-^885 1 

63-04 1 


23-66 

0-8880 i 

63-2(5 ! 

70-77 

24-02 

0-8875 i 

63-48 

70-97 

24-37 

0-8870 1 

63-70 

71-17 

24-73 

0-88ft5 * 

63-91 

7 i- 3 » 

25-09 

0-88(10 

64-13 

71-58 

25-44 

o -'’855 

64-35 

BEH 

25-79 

0 88 50 

64-57 


26-15 

0-8845 

64-78 

ISIB 

26-50 

0-8840 

65-00 

72 -.?S 

26-85 

0-8835 

65-21 

72-58 

27-19 

0-8830 

65-42 

72-77 

27-52 

0-8835 ' 


72-06 1 

27-85 

0-8830 


73-15 

28*19 

0-8815 

06-04 

73 -.-’ 

28*52 

0-8810 

(16-26 

73-5-' 

28*87 

0-8805 ' 

66-48 

73-73 

29*22 

0-8800 

66-70 

73-93 ■ 

29*57 

"■8795 . 

66-91 

74-13 

29*92 

0-8790 ; 

67 -'3 

74-33 

30-26 

0-8785 i 

67-33 

74-52 

30-59 

0-8 7 So 

67-54 

74-70 

30-92 

0-8775 1 

67-75 

74-89 

31-25 

0-8770 , 

67-96 

75-08 

31-58 

0-8765 1 

68-17 

75-27 

31-90 

0 S760 1 

68-38 

75-45 

32-23 

0 -S 75 S ! 

68-58 

75-64 

32-56 

0-8750 1 

68-79 

75-83 

32-89 

0-8745 

69-00 

76-01 

33-21 

0-8740 k 69-31 

76-20 

33-54 

o- 8 f 35 

69-42 

76-39 

33-86 

0-8730 

69-63 

76-57 

34-19 

0-8725 

69-83 

76-76 

34-51 

0-8720 

70-04 

1 76-94 

34-84 

0-8715 

70-24 

i 77-12 

35-'4 

0-8710 

70-44 

1 77-29 

35-45 

0-8705 

70-64 

1 77-46 

35-76 

0-8700 

70-84 

77-64 

36-07 

0-8695 

71-04 

i 77-82 

36-37 

0-8690 

7>-25 

78-00 

i 36-69 

0-8685 

71-46 

i 78-18 

37-01 

0-8680 

71-67 

: 78-36 

37-33 

0-8675 

7 I '88 

78-55 


0-8670 

72-09 

78-73 

! 37-98 

0-S665 

72-30 

78-93 

' 38-32 

^-8660 

72-52 

M 

79-12 

. 38-65 


Specific 
Gravity at 
6o»F. 

1 

Per Cent ;I 
of Alcohol < 
jy Weight. 

*erCent.of 
\lcohol by 
Volume. 

Cent. 

over 

ftgot 

0*8655 

72-74 

79*31 

38-99 

0*8650 

72-96 

79*50 

39-32 



79-68 

39-64 

0-8640 

73-38 

79-86 

39-96 

0-8635 

73-58 

80-04 

40-27 

0-8630 

73-79 

80-22 

40-60 

0-8625 

74-00 

80-40 

40-91 

0-8620 

74-23 

80-60 

41-2f 

0-8615 

74-45 

80-80 

41-61 

0-8610 

74-68 

81-00 

41-96 

0-8605 

74-91 

81-20 

- 42-31 


75-14 

81-40 



75-36 

81-fe 

■eI 3 

0-8590 : 

75-59 

8 1-89 

43-35 

0-8585 1 

75-82 

82-00 

43-70 

0-8580 

76*04 

82-19 

44-04 

0-8575 

76-25 

* 2-37 

44-35 

0-8570 

76-46 

82-54 

44-66 

0-8565 

76-67 

82-7* 

44-#7 

0-8560 

76-88 

82-90 

45-28 

0-8555 

77-08 

83-07 

45-60 

0-8550 

77-29 

83-25 

, 45-90 

0-8545 

77-50 

83-43 

46-20 

0-8540 

77-71 

83-60 

' 46-11 

0-8535 

77-92 

83-78 

46-82 

0-8530 

78-12 

83 - 9 t 

47-11 

0-8525 

78-32 

84-11 

47-40 

0-8520 

78-52 


; 47-70 

0-8515 

78-72 

84-44 

' 47-98 

0-8510 

78-92 

84-60 

i 48-27 

0-8505 

79-12 

84-77 

48-56 


79-32 

84-93 

' 48-84 

0-8495 

79-52 

85-10 

' 49-13 

0-8490 

79-72 

85-26 

; 49-?8 

0-8485 

79-92 

85-42 

49-67 

0-8480 

80-13 

85-59 

! 50-00 

0-8475 

80-33 

1 85-77 

50-31 

0-8470 

80-54 


. 50-61 

0-8465 

80-75 

1 86*11 

; 50-91 

0-8460 

80-96 

! 86*28 

i 5 '- 2 I 


i»innsi 

Tam 

51-50 

0-8450 

81-36 

; 86-61 

i 51-78 

0-8445 

81-56 

i 86-77 

1 52-06 

0-8440 

81-76 

86-93 

, 3 . 2-34 

0-8435 

j 81-96 

; 87-09 

' ^2-62 

0-8430 

V 82-15 

87-24 

1 52-90 

0-8425 

82-35 

1 87-40 

i 53-16 

0-8420 

: 82-54 

! 87-55 

53-43 
























































3 o 5 


PRACTICAL AGRICULTURAL CHEMISTRY 


Alcohol Table—con(i«Mei. 


Specific 

Per Cent. 

PerCctU. ol 

Per Cent. 

Specific 

Percent. ! Per Cent, ofi Per Cent. 

firavitv at 

of Alcohol 

Alcohol by 

over 

Gravity at 
F. 

of Alcohol 

Alcohol by 

over 

60*^ F. 

, by Weight 

Volume. 

Proiil. 

by Weight. 

Volume. 

Pro?>f. 

0*8411; 

« 2-73 

1 87-70 

■ 53-70 

0*8170 

92*07 

94-76 

66*07 

0*8410 

82*92 

87-85 

53-96 

0-8165 

92*26 

94*90 

66*30 

0-8^15 

83-12 

88*00 

54-23 

0*8160 

92*44 

95*03 

66-53 

0*8400 

Sj’Si 

88*i6 

54*^0 

o' 8!55 

92-63 

95-16 

66*^ 

0 ' 8 , 19 S 

83-50 

88*31 

54-75 

o*Hi 150 

92*81 

95*29 

67*00 

0-8 TOO 

83-69 

88*46 

55*02 

0*8145 

93*00 

95*42 

67-23 

0-838.; 

83-.SS 

88*61 

55-28 

0*8140 

93-1B 

95*55 

67-46 

0-8380 

384*08 

88-76 

55-55 

0-8135 

93-37 

95-69 

67-70 

0-8375 

84*28 

88*92 

55-83 

0*8130 

9 .Vh'^ 

95-82 

67-92 

0*8^70 

84-48 

89*018 

56*xo 

0*8125 

9 .r 74 

95-95 

68*i<; 

0-8305 

84*68 

89-24 

56-38 

0*8120 

93*92 

96*08 

68*38 

0-8 360 

84*88 

8 fei -39 

56*fi6 

0-8115 

1^4*10 

96*20 

68‘fx") 

0-835? 

H>3 *o8 

89-55 

56-93 

0*8110 

94*28 

96-32 

68 *8o 

o *8 ^£;o 

^5-27 

89-70 

57-20 

0-8105 

94-45 

96-43 

69*00 

0-8345 

85-46 

89-84 

57-45 

0*8100 

94-62 

96-55 

69*20 

0*8340 

85-65 

89-99 

5771 

o*8uQ5 

94 * 8 u 

96-'.7 

69*40 

0-8335 

85-45 

90*14 

57-97 

0*8090 

94-97 

96*78 

69-61 

0*83^0 

86*04 

90*29 

58-23 

0*8085 

95*14 

g6*QO 

69*82 

0 * 113^5 

^f >-23 

90*43 

58-48 

o*8o8() 

95-32 

97-02 

70*03 

o*8’320 

86*42 

90-58 

58-74 

0*8075 

95*50 

97-15 

70*2; 

0-S315 

86*62 

90*73 

59 *(-K) 

0*8070 

95-68 

97-27 

70-46 

0-8310 

86-81 

90*88 

59-26 

0*8065 

95-86 

97*39 

70-67 

0-8305 

87*00 

91*02 

59*5 i 

0*8060 

96-03 

97-51 

70*88 

0*8300 

87-19 

QI*I 7 

59-77 

0-805 5 

96*20 

97*62 

71-07 

0-S205 

87-38 

91*31 

6 o*o2 

0*8050 

96-37 

97-73 

71*26 

0*8290 

#7-58 

91-46 

60*28 

0*8045 

96-53 

97-83 

71-45 

0-82S5 

S777 

9 [ '60 

60-53 

0*8040 

96-70 

97-94 

71-64 

0-8280 

87-9^ 

91-75 

6 o *79 

0-8035 

96-87 

98-05 

71-83 

0-8275 

88 * 16 

91*90 

01-05 

0*8030 

97 -<J 3 

98*16 

72*02 

0*8270 

88-36 

92*03 

61*32 

0*8025 

97*20 

98-27 

72-40 

0*82f)^ 

88-56 

Q2*2I 

61-60 

D-8020 

97-37 

98-37 

72-58 

0*8260 

88*76 

92-36 

61*86 

0-8015 

97-53 

08*48 

72-77 

0-8255 

88*96 

92-51 

62*13 

0-8010 

97-70 

98-59' 

7»-95 

0-4250 

89-16 

92-66 

62-38 

0-8005 

97-87 

98-69 

73-14 

0-8245 

89-35 

92-80 

62-63 

0*8000 

98-03 

98*80 

73-30 

0-8240 

89-54 

92*94 

62-88 

0-7995 

98-19 

99-89 

73-47 

0-8235 

89-73 

93*09 

6,3-13 

0*7990 

98-34 

99-98 

73-64 

0-8230 

89-92 

93*23 

03-.38 

0-7985 

98-50 

99-07 

73-81 

0-8225 

90*11 

93-36 

63-62 

0-7980 

98-66 

99-16 

73-97 

0*822*0 

90*29 

93-49 

63-84 

0-7975 

98-81 

99-26 

74-14 

0-8215 

00*46 

93-62 

64*06 

0*7970 

98-97 

99-35 

74-31 

0-8210 

90*64 

93-75 

64-30 

0-7965 

99-13 

99-45 

74-50 

0-8205 

90-82 

93-87 

64-51 

0*7960 

99-29 

99-55 

74-66 

0-8200 

91*00 

94*00 

64-74 

0-7955 

99-45 

99-65 

74-83 

0-8l?lf 

91*18 

94-13 

64*96 

0-7950 

99-61 

99-75 

75-01. 

0-8190 

91-36 

94-26,. 

65-18 

0-7945 

99-78 

99*86 

75-18 

0-8185 

91-54 

94-38 

65-40 

0*7940 

99-94 

99-96 

75-25 

0-8180 

0-8175 

91-71 

91-89. 

94-51 

94-64 

65*62 

65-85 

0*7938 

100*00 

100*00 




INDEX 


Acetyl value of fats, 113 
Acid, acetic, 33 
arsenic, 30 
arsenious, 30 
benzoic, 32 
boric, 31 

in milk, 97 
carbolic, 34 
carbonic, 27 
chloric, 20 
chromic, ?o 
citric, 32 
ferricyanic, 34 
ferrocyanic, 34 
formic, 32 

humic, free, in soils, 6,s 
hydriodic, 28 
hydrobroniic, 28 
hydrochloric, 28 
hydrocyanic, 33 
hydrofluoric, 30 
hyposulphurous, 27 
metaphosphoric, 31 
nitric, 29 
nitrous, 29 
orthophosphoric, 30 
oxalic,^! 
l>ectic, 38 

pyrophosphoric, 31 
salicylic, 34 
in milk, 97 
sulphocyanlc, 33 
sulphuric, 27 

gravimetric estimation of, in 
soluble sulphates, 48 
normal solutions, 51 
sulphurous, 27 
thiocyauic, 33 
tannic, 35 
» uric, 35 

lids, free, fatty, in fats, 113 
inoreanic, table ior separation 
• “f39 

piganic, ta^lefor separation of, 4 o 


Acids soluble and insoluble in fats, 
I12 

volatile, in fats. 112 
Albert, rapid method forpotassium,75 
Albumin, reactions of, 36 
Albuminoids, estimation of, in feed- 
■ ing-stufls, 82 
Alcohol, methyl, 37 
ethyl, 37 

Aldehydes, estimation of, 147 
' Altered milk, 97 
Aluminium, 22 
i Ammon iiiiii, 26 
I Antimony, 20 - 

I Aqueous vapour, table of, 201 
Arachis-oil, 123 
j Arsenic, reactions of, 19 
1 Ash, estimation of, in fceding-stuffs, 

I 81 

Atomic weights, table ol, 185 

lladoum test, 123 
Balance, use of, 1 
Barium, 24 
Becchi test, 122 
Bismuth, 18 
Bitters, 157 

Bottle, specific gravity, 7 
Bromiiiation test, 117 
Brucine, 36 

Butter, analysis of, too 
foreign fats in, loi 
Hehiier process, 102 
Koettstorfer process, 102 
Reichert-Wollny process, >104 
table, 192 

Butyro-refractometer (Zeiss), 105 

Cadmium, 22 
Calcium, reactions of, 25 
estimation of, 46 
Cane-sugar, 127 

estimation of, in milk, 127 
Carbohydrates, estimation of, in feed- 
ing-stnfis, 8t 
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Carbon in soils, 64 
Carbonates in soils, 65 
Carbon dioxide, estimation of, by 
T'eighiiiK, 44 

estimation of by difference, 45 
Cellulose, reaction of 37 

estimation of in feeding stuffs. 

Cheese, analysis of 99 
Chlorine in soils, 68 

volumetric estimation of 54 
Chocolate, 143 
Cholesterol. 121 
Chromium, 22 
Cinchonine, 36 

Clarke's process for hardness in 
water, :55 
Cochineal. 50 
Cocoa, 140 
Coffee, 140 

Condensed milk, analysis of 99 
Copper, 19, 

Crucibles, care of 13 
Gooch, 14 

Dairy produces, 89 
Dextrin, estimation of in feeding- 
*■ stuffs, 84 
reactions of 37 
Dextrose, reactions of 37 

Elaidin test, 119 

Elasticity of aqueous vapour table, 
201 

E ythrosin, 51 

Eilier, estimation of compound, 148 

Factors required in volnmeiric 
analysis, 51 
table of, 186 
Fats, acids in, 108 

bromination test, 117 
'cot^osition and properties of 

deficiency in milk, 94 
elaidin test, 119 

estimation of cholesterol in, I2i 
foreign, in butter, loi 
free fatty acids in, 113 
identification of I2t 
iodine value, Hanus, 116 
Htibl, 115 

•0 W'jSi 

Maumend test, 117 
microscopic examination of ill 
moisture in, 109 
phytosterol in, 121 


I Fats, polarization of iii 
I refraction of iii 

.saponification equivalent, 114 
I solidifying-point of 111 

' solidifying-point of or titer test, 

solufil e and insoluble fatt}' acids 
iii» T12 

specific gravity, 109 
spectroscopic exaniinatio* of, 
III 

table of constants, 124 ® 

turbidity temperature of. 111 
imsaponifiable matter in, 120 
volatile acids in, 112 
I'ceding-stuffs, estimation of albu¬ 
minoids, 82 
I of ash, 81 

of cane-sugar, 8 j 

! of carbohydrates (total), 81 

of cellulose, 83 
of crude (woody) fibre, 81 
of dextrin, 84 
of ether extrr "t (oil), 81 
of gluten,84 
of pentosans, 83 
of silica. 81 
of starch, 82 

I’chliiig solution, gravimetric, 138 
volumetric, 137 
Fibre, estimation of, 81 
Filter-pumps, 12 
Filtration, not, 15 
rapid. 12 

Formalin, detection of, in milk, 97 
Frankland process, 171 
Funnels, Victor Meyer, 10 
F'urfural, estimation of, 141 

I Galactose, 130 

I Gelatine in milk, 96 * 0 

I Glucose, 129 

I estimation of, in milk, 96 
Gluten, estimation of, 84 
Glycerine, detection of, 96 
rea:tioiis of, 37 
(.iooch crucible, 14 
Grass and hay, analysis of, 84 
Gravimetric estimations, 43 

H dphen’s test, 122 
H mus process. 116 
Hardness table, 168 
Hav, ride Grass 

Henner process for butter fat, 102 
tor hardness in water, 166 
Hop resin, 157 ^ 
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.HuH proAss, 115 
Humus in soils, 65 
Hyilrogeii, organic, in soils, 64 
JHydrometer, 7 

Ignition of precipitates, I3 
Incrustations, 69 
Indicators, 50 
Inversion of sugars, 135 
Iodine value, 115 

Iron, gravimetric estimation of, 45 
reactions of, 21 • 

vftumctric estimation of, 52 
in ferric solutions, 54 
in ferrous solutions, 53 

Joulie’s process, 57 

Kieldalil-Ounning process, 79 
table, 1.S9 

Koettstorfer process, 102 ^ 

Lacto.se, 130 

estimation of, in milk, 94 
reactions of, 37 
•lvea<l, 17 • r* 

Lernlose, 130 
limestone, analysis of, 69 
Liquids, .specific gravity of, 9 
Litmus, 50 

Magnesium, gravimetric estimation 
of, 46 

reactions of, 25 
Malt extract, 150 
Maltose, 37, 130 
Manganese, 23 
Manures, 71 
Mapie-sugar, 129 
Marl, 69 

Maumend test, 117 
Mercury, 18 • ' 

Metals,Tlassffication of, 16 
reactions of, 17 
table for separation of, 38 
Methyl orange, 50 
Milk, analysis of altered, 97 
of condensed, 99 
average composition of, 94 
'detection of boric acid in, 96 
of formalin in, 97 
of gelatine in, 96 
of raw in boiled or sterilized, 
97 

, of salicylic acid in, 97 
estimation of abstracteil fat, 94 
of added water, 94 
of ash, 90 


Milk, estimation of boric acid, 96 
of cane-sugar, 96 
of fat— I. Werner - Schmidt 
process, 90 

2. Adam’s coir pro¬ 

cess, 92 

3. (lerber process, 93 

4. Leffmann - Beam 

process, 93 
of glucose in, 96 
of gelatine in, 96 
of specific gravity of, go* 

Nickel, 24 
Nicotine, 36 
Nitrogen in soils, 68 

into ammonia tables, 1S9, 190 
Kjeldalil process, 79 
nitrometer process, 80 
reduction of c.c. to grammes, 200 
soda-lime process, 77 
Normal solutions, 51 

Oil, arachis-, 123 
cotton-seed-, 122 
peanut-, 124 
sesame-, 125 
Oils {vide Fats), 108 
Oxygen, organic, in soils, fls 

Favy-Fehling solution, 13S 
Peaniit-oil, 123 
I’ectin, 88 
I’ectose, 88 

i Pemberton process, 58 
Pentosans, S3 
Plieiiolphllialein, 50 
Phosphoric acid, gravimetric estima¬ 
tion of, 47 

volumetric estimation of, 55 
tables, 193 

Platinum, recovery of waste, 76 

Polarimetn’, 131 

Potash salts, rapid control meth«d 

i fob ?5 . . , 

I’otassiuni, estimation of, 47 
I reactions of, 26 
1 Precipitates, ignition of, 13 
, Pumps, filtration, 12 

1 Qualitative analysis, r6 
j Quinine, 35 

: Raffinose, 130 
Reichert-Wolliiy process, 104 
R^nardtesiU 123 
Riders, 2 

Roots, analysis of, 87, 88 
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Saponification ecinivalent of fats, 

114 

Scbrotter apparatus, 44 
Sesany;-oil, 123 
Silage, 86 

Silica, estimation of, 42 
Silver, 17 

Soda-lime process, 77 
Sodium, 26 
Soils, analysis of, 61 
Solidifying-poiiit, test for fats, 119 
Soliftions, standard, 51 
Sorghum, 129 
Specific gravity botilc, 7 
Specific gravity, estimation of. s 
Specific rotatory power, 132 
Sprengel tulic, 6 
Starch, estimation of, 82 
reactions of, 37 
Strontium. 25 

Sti^'c^niiie, 36 _ i 

Sucrose, estinialioii 0/ in feeding- [ 

'stuffs, 84 j 

ill milk, 96 

in presence of glucose, 134 | 

reactionsaif, 37 
Sugars, clarification of, 126 
• cuprie reduction of, 136 

process for inversion of, 13,3 1 

Sulphur chloride test, 123 ] 

Sulphuretted hydrogen, 28 ; 


Tables: 

Alcolfol, 202 
Sutter analy-sis, 192 
Butyro-refractonieter, 107 
Constants of oils and fats, 124 
Conversion of weights and mea¬ 
sures, 187 

of nitrogen into ammonia 
and albuminoids, 190 
• Ela,sticity of aqueous vapour, 201 
Factors, 186 
Hardness, Clark, 188 
&’eldahl (N.), 189 
hlalt extract, 150 
phosphate, 193 

Reduction of c,c. nitrogen to 
grammes, 200 

Relation degrees Twaddell to 
specific gravity. 187 
Soluble (or volatile) acids in 
^ butter fat, 191 


laoics. , 

Separation of the coiiinion 
metals, 38 * 

of the inorganic acids, 39 
of the organic acids, 40 
Tannin, estimation of, 152 
Tea. 140 

Tbeiiie, estimation of, 141 
Tliermometric scales, 187 
Till, 21 

Titer test for fats, 119 
•Turbidity temperature 0% fats, 
111 

Turmeric, 50 
Typical analyses, 17S 
Uiisaponifiabie matter 111 fats, 
estimation ol, 13 (> . 

t'ranium process for phosphoric 
acid, 55 
ITei^ 35 

Valenta test, 11 1 
Victor Meyer funnel, lo 
Volatile acids in fat.s, 112 
tables, 191 _ * 

Volumetric e.stimatioiis, 49 ff 
note on, 49 

Water, analysis of, 158 

estimation of added coinbiiied, 
43 

of added free, 43 
of added in milk, 94 
of ammonia, 167 
of chlorine, 160 
of hardness, 165 
of nitrates, 160 
of nitrites, 160 
of organic carbon, 171 
of organic nitrogen, 171 
of suspended matter 159 
of total solids, ! 59 
interpretation of results ot 
analysis, 176 

Weights, 2 . V, 

Weights and measures table, la? , 
Weights required in volumetric 
analysis, 51 
Westphal balance, 7 
Wijs process, 116 
WolfififiS 

Zeiss butyro-refractometer, 105 

Zinc, 23 
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JUNO’S Collected Papers on Analytical Psychology. 

Authurizod Translation. Edited by Dr. Constanok E. Lonu. Demy 
8vo. Second Edition. Pp. xviii4^492. Illustrated. Price 18a. not. 

K£BK’S Operative Midwifery. 

Third Edition. Royal 8vo. Pp. xvi+726, with 308 Illustrations, 
• mostly original. Price 308. net. 

^MB’S Diseases of the Throat, Nose, and Ear. 

Fourth Edition. Crown 8vo. Pp. ]ivi+372, with 81 Illustrations. 
Price 10s. 6d. net. 

LAROQUETTE’S Atlas of Electro-Diagnosis and Thera- 

, peutios. Translated hy M. G. Ohektham. Demy 8vo. Pp. xvi + 
180, with 69 Plates and Illustrations. Price Us. net. 

LEA’S Heart: Past and Present. 

Crown 8vo. Pp. viji + 300. Prieo 78. 6d. net. 

LONO’S The Psychology of Phantasy. 

Demy 8 VO. Pp. viii+228. Price lOs. 6d. net. • 

McCABBJBON’s The Thyroid Gland in Health and Disease. 

Royal 8vo. Pp. xviii + 286 with 82 Ilhistratioiis. Price ^6s. not. ^ 

HeCAW'S Diseases of Children. 

Demy 8vo. Pp. xii+624. With 14 Plates and lllustratioul. Prioi 
13s. net. 

MACBWEN’S Surgical Anatomy. 

Second Edition. DemySvo. Pp. xiv +498, with 79 Illustrations, plain 
and coloured. Price 128. net. 

MARSHALL & EFRENCH'S Syphilis and Venereal Diseases. 

Being the Fourth Edition of “ Syphilology and Venorcal Disease." Demy 
8vo. Pp. xii + 434, with 90 Illustrations and 7 colourod plates. Price 
36 b. net. 

MAT & WORTH’S Diseases of the Eye. 

Fourth Edition. Demy 8ro. 1^. viii-1-442, with 336 lUnstratians, 
• inckding 22 Coloured Plates. Price 18s. net. 

MONRO’S Manual of Medicine. > 

Fourth Edition. Demy 8vo. Pp. xxiv + 1046, with 47 llluatrations, 
plain and coloured. Price2lB.net. (C^niversUy Seriijs.) 

MUMMERY’S After-Treatment of Operations. 

' Fourth Edition. Crown 8vo. Pp. x+276, with 89 lUiutrations. Price 
* 6a. net. * 

ORRIN'S X-Ray Atlas of the Systemic Arteries of the 

Body. Demy 4to. Pp. viii-192, with 21 Original Plates. Price 
13l. 8d. net. 

. PALMER'S .Lessons on Massive, including Swed&h 
Remedial Gymnastics and Band^n^;. Filth Edition. Demy 
8vo. Pp. xvi -I- 840, with 136 Illustrations, plain and coloured. Price 
• ias.net. 
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sodE & OAEliESS’ Manual of Surgery. 

Tenth Edition. Demy 8vo. Pp. xii + 1690. With 18 Coloured 
Plates and 600 other Illustrations. Price 80a. net. (UniversUy Series.) 

SCHMIEDEN & TUENBULli’S Operative Surgery. 

Second Edition. Royal 8vo. Pp. xx + 360. with 436 plain and coloured 
Illustrations. Price 26 b. nut. ^ 

s6l 0M0N3’ Handbook of Gynsecology. * 

Demy 8vo. Pp, xii+236, with 196 Illuatrationa. Pricel38.net. 

SOMMEBVILLE’S Practical Sanitary Science. 

Demy 870 . Second Edition. Pp. viiiH 328, with 79 Illustrations.^ 
Price 12s. 6d. not 

STEWAET'S Manual of Physiology. 

Eighth Edition. Demy 8vo. Pp. xxiv + 1246r with Coloured Plate and 
,482 Illustrations. Price2lB.net. {UnivereUy Series.) 

TIBBLES’ Dietetics; or. Food In Health and Disease, 
including Vltamlnes and Defleleney Diseases. , pemy 8to. 
Pp. x+628. Price 14b. net. 

tInel’S llerve Wounds: Symptomatology of Peripheral 

• Ne»ye Lesions caused by War Wounds. Revised and Edited by 
CsciL A. JOLI., F.K C.8. Royal 8vo. Pp. xii + 317. with 323 lUustra- 
tions. Price 178- 6d. net. 

TBEDQOLD’S Mental Deficiency. 

Third Edition. Demy 8vo. Pp. xviii + 632, with 29 Original Illusti i- 
tiouB. IMce 208 . net 

WALSH’S Diseases of the Skin. 

Demy8vo. Pp. XTi+300, with 29 lllustraticns. Prioe7B.6d.net. 

WHEELEB’S Handbook of Operative Surgery. 

Third Edition. DemySvo. Pp. vUi+864, with 226 Figs. Pricel2B.net 

WHITLA’S Pharmacy, Materia Medica, andTherapputigs. 

Tenth Edition. Pp. xii + 680, with 28 Illustrations. Price 10 b. 6d. net 

WHITLA’S Dictionary of Treatment. 

Sixth Edition. DemySvo. Pp. x + WSO. Price 268. not. 


W 1 LLLAM 8 ’ Minor Maladies and their Treatment. 

Fourth Edition. Crown 8vo. Pp. xii+402. Price8B.Sd.net 

WINOPiBLD’S Introduction to the Study of Hypnotism. 

Crown 8vo. Pp. viii +196. Price 7b. Sd. net 


totmoEB’S Insanity in Everyday Practice. 

Fourth Edition. Oiown 8vo. Pp. x+134. Prioe8B.net. 










